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$EVWUDFW
$VFRQWLQXHGJOREDOIXQGLQJDQGFRRUGLQDWLRQDUHDOORFDWHGWRZDUGWKHLPSURYHPHQWRI
DFFHVVWRVDIHVRXUFHVRIGULQNLQJZDWHUDOWHUQDWLYHVROXWLRQVPD\EHQHFHVVDU\WRH[SDQG
LPSOHPHQWDWLRQWRUHPRWHFRPPXQLWLHV
7KLVUHSRUWHYDOXDWHVWZRWHFKQRORJLHVXVHGLQDVPDOOZDWHUGLVWULEXWLRQV\VWHPLQD
PRXQWDLQRXVUHJLRQRI3DQDPDVRODUSRZHUHGSXPSLQJDQGIORZUHGXFLQJGLVFV7KHWZR
SDUWVRIWKHV\VWHPIXQFWLRQLQGHSHQGHQWO\EXWZHUHERWKFKRVHQIRUWKHLUDELOLW\WRPLWLJDWH
XQLTXHLVVXHVLQWKHFRPPXQLW\7KHGHVLJQSURJUDP1HDW:RUNDQGIORZUHGXFLQJGLVFV
ZHUHHYDOXDWHGEHFDXVHWKH\DUHWRROVWDXJKWWR3HDFH&RUSV9ROXQWHHUVLQ3DQDPD
(YHQZKHQDPSOHZDWHULVDYDLODEOHPRXQWDLQRXVWHUUDLQVDIIHFWWKHSUHVVXUHDYDLODEOH
WKURXJKRXWDZDWHUGLVWULEXWLRQV\VWHP6LQFHWKHVWDWLFKHDGLQWKHV\VWHPRQO\YDULHVZLWK
WKHKHLJKWRIZDWHULQWKHWDQNIULFWLRQDOORVVHVIURPSLSHVDQGILWWLQJVPXVWEHH[SORLWHGWR
EDODQFHRXWWKHLQHTXDOLWLHVFDXVHGE\WKHXQHYHQWHUUDLQ5HGXFLQJWKHPD[LPXPDOORZDEOH
IORZWRFRQQHFWLRQVWKURXJKWKHLQVWDOODWLRQRIIORZUHGXFLQJGLVFVFDQKHOSWRUHWDLQHQRXJK
UHVLGXDOSUHVVXUHLQWKHPDLQGLVWULEXWLRQOLQHVWRSURYLGHUHOLDEOHVHUYLFHWRDOOFRQQHFWLRQV
1HDW:RUNZDVFDOLEUDWHGWRPHDVXUHGIORZUDWHVE\FKDQJLQJWKHRULILFHFRHIILFLHQW ƨ 
UHVXOWLQJLQDYDOXHRIZKLFKLVKLJKHUWKDQW\SLFDOYDOXHVIRUPDQXIDFWXUHG
IORZUHGXFLQJGLVFV1HDW:RUNZDVXVHGWRPRGHOYDULRXVV\VWHPFRQILJXUDWLRQVWR
GHWHUPLQHLIDVLQJOHVL]HGIORZUHGXFLQJGLVFFRXOGSURYLGHHTXLWDEOHIORZUDWHVWKURXJKRXW
DQHQWLUHV\VWHP7KHUHLVDVWURQJFRUUHODWLRQEHWZHHQWKHRSWLPXPVLQJOHVL]HGIORZ
UHGXFLQJGLVFDQGWKHDYHUDJHHOHYDWLRQFKDQJHWKURXJKRXWDZDWHUGLVWULEXWLRQV\VWHPWKH
ODUJHUWKHHOHYDWLRQFKDQJHDFURVVWKHV\VWHPWKHVPDOOHUWKHUHFRPPHQGHGXQLIRUPRULILFH
VL]H
5HQHZDEOHHQHUJ\FDQMXPSWKHLQIUDVWUXFWXUHJDSDQGSURYLGHEDVLFVHUYLFHVDWDIUDFWLRQRI
WKHFRVWDQGWLPHUHTXLUHGWRLQVWDOOWUDQVPLVVLRQOLQHV0HWKRGVIRUWKHDVVHVVPHQWRIVRODU
SRZHUHGSXPSLQJV\VWHPVDVDPHDQVIRUUXUDOZDWHUVXSSO\DUHSUHVHQWHGDQGDVVHVVHG,W
ZDVGHWHUPLQHGWKDWPDQXIDFWXUHUSURYLGHGSURGXFWVSHFLILFDWLRQVFDQEHXVHGWR
DSSURSULDWHO\GHVLJQDVRODUSXPSLQJV\VWHPEXWFDUHPXVWEHWDNHQWRHQVXUHWKDWVXIILFLHQW
ZDWHUFDQEHSURYLGHGWRWKHV\VWHPGHVSLWHYDULDWLRQVLQVRODULQWHQVLW\









,QWURGXFWLRQ
,QWKH:RUOG+HDOWK2UJDQL]DWLRQ :+2 VHWRXWWRFUHDWHDVHWRI0LOOHQQLXP
'HYHORSPHQW*RDOV 0'*V WRDGGUHVVKHDOWKHTXDOLW\VDIHW\DQGKXPDQULJKWVLQVRPHRI
WKHZRUOG VSRRUHVWUHJLRQV:LWKWKHJRDO\HDUXSRQXVLWLVDQDSSURSULDWHWLPHWR
DFNQRZOHGJHWKHZRUNFRPSOHWHGDQGUHDVVHVVVWUDWHJLHVIRUPRYLQJIRUZDUGZLWKWKHZRUN
WKDWVWLOOUHPDLQV7KH0'*WDUJHW&DGGUHVVHVZDWHUDQGVDQLWDWLRQWRKDOYHEHWZHHQ
DQGWKHSURSRUWLRQRIWKHSRSXODWLRQZLWKRXWVXVWDLQDEOHDFFHVVWRVDIHGULQNLQJ
ZDWHUDQGEDVLFVDQLWDWLRQ %DUWUDPHWDO 7KH:+2UHSRUWVZRUOGZLGHDFFHVV
WRDQLPSURYHGZDWHUVRXUFHZKHUHLPSURYHGLVGHILQHGDVDFFHVVWRDSXEOLFWDS
ERUHKROHSURWHFWHGVSULQJUDLQZDWHUFROOHFWLRQV\VWHPERWWOHGZDWHUIURPDQLPSURYHG
VRXUFHRUSLSHGZDWHULQWRWKHGZHOOLQJ :RUOG+HDOWK2UJDQL]DWLRQDQG8QLWHG1DWLRQV
&KLOGUHQ V)XQG 
3DQDPDKDVDEXVWOLQJHFRQRP\WKDWKDVEHHQVWHDGLO\JURZLQJVLQFHWKH3DQDPDQLDQ
JRYHUQPHQWWRRNFRQWURORIWKH3DQDPD&DQDOLQ7KHVN\OLQHLQ3DQDPD&LW\
UHVHPEOHVVRPHWKLQJFORVHWR0LDPLZLWKDVPDWWHULQJRIVN\VFUDSHUVOLQHGXSDORQJWKH
RFHDQIURQW7KRXJKWKLVZHDOWKLVQRWHTXDOO\GLVWULEXWHGWKURXJKRXWWKHFRXQWU\2YHUDOO
RIWKHFRXQWU\OLYHVLQSRYHUW\LQFOXGLQJRIDOOUXUDOUHVLGHQWVDQGRISHRSOH
OLYLQJLQLQGLJHQRXVUHJLRQV 2ILFLQDGH1DFLRQHV8QLGRVGH3DQDPD 7KLVHFRQRPLF
GLVSDULW\LVH[DFHUEDWHGE\WKHODFNRISXEOLFLQIUDVWUXFWXUHFRQQHFWLQJWKHVHUXUDO
FRPPXQLWLHV2IWHQWLPHVWKHUHLVQRJULGHOHFWULFLW\DQGPDQ\RQO\KDYHDFFHVVWRVHDVRQDO
URDGV:LWKDUDLQ\VHDVRQWKDWODVWVHLJKWPRQWKVWKHRQO\ZD\WRWUDYHOWRWKHVH
FRPPXQLWLHVIRUWKHPDMRULW\RIWKH\HDULVE\IRRWRUKRUVH7KRXJKWKH0LQLVWU\RI+HDOWK
LVUHVSRQVLEOHIRUEXLOGLQJDQGRYHUVHHLQJUXUDOZDWHUV\VWHPVWKHLUVWDIILVRYHUZRUNHG
XQGHUWUDLQHGDQGILQDQFLDOO\VWUDSSHG
(YHQZKHQDPSOHZDWHULVDYDLODEOHPRXQWDLQRXVWHUUDLQVLJQLILFDQWO\DIIHFWVWKHSUHVVXUH
DYDLODEOHWKURXJKRXWDZDWHUGLVWULEXWLRQV\VWHP6WDWLFSUHVVXUHYDULDQFHVLQDV\VWHPZLOO
RQO\IOXFWXDWHZLWKWKHKHLJKWRIZDWHULQWKHWDQN)ULFWLRQDOORVVHVIURPSLSHVDQGILWWLQJV
PXVWEHXQGHUVWRRGDQGFRQWUROOHGWREDODQFHIORZVDQGSUHVVXUHVDWLQGLYLGXDOFRQQHFWLRQV
RUWDSVDFURVVWKHXQHYHQWHUUDLQ7KHXVHRIGLVWULEXWLRQV\VWHPJULGVFDQLQFUHDVHIORZ
HTXDOLW\LQDV\VWHP &KDQGDSLOODL6XGKHHU 6DVHHQGUDQ EXWLQPDQ\UXUDOVHWWLQJV
KRXVHVDUHEXLOWIDUDSDUWRQVORSHVZKHUHDEUDQFKLQJQHWZRUNLVWKHPRVWIHDVLEOHFKRLFH
5HGXFLQJWKHPD[LPXPDOORZDEOHIORZWRFRQQHFWLRQVWKURXJKWKHLQVWDOODWLRQRIIORZ
UHGXFLQJGLVFVFDQKHOSWRUHWDLQHQRXJKUHVLGXDOSUHVVXUHLQWKHPDLQGLVWULEXWLRQOLQHVWR
SURYLGHUHOLDEOHVHUYLFHWRDOOFRQQHFWLRQV
7KHXVHRIUHQHZDEOHHQHUJ\LVJURZLQJWKURXJKRXWWKHZRUOG6LQFHWKHV
GHYHORSPHQWLQYHVWRUVKDYHLQFUHDVHGLQWHUQDWLRQDOIXQGLQJIRURIIJULGDSSOLFDWLRQV
%LRPDVV8VHUV1HWZRUN ,QDGHYHORSPHQWFRQWH[WUHQHZDEOHHQHUJLHVFDQMXPS
WKHLQIUDVWUXFWXUHJDSDQGSURYLGHEDVLFVHUYLFHVDWDIUDFWLRQRIWKHFRVWDQGWLPHUHTXLUHG
WRLQVWDOOWUDQVPLVVLRQOLQHV-XVWOLNHPDQ\FRXQWULHVKDYHVHHQWKHUDSLGH[SDQVLRQRI
FHOOXODUWHOHSKRQHQHWZRUNVUHDFKLQJPRUHUHPRWHDUHDVZLWKRXWWKHLQIUDVWUXFWXUHFRVWVRI
LQVWDOOLQJPDQ\PLOHVRIWHOHSKRQHZLUHVSHRSOHLQHYHQWKHPRVWUHPRWHDUHDVFDQXVHVRODU




SDQHOVWRSURGXFHWKHLURZQHOHFWULFLW\ZKLFKFDQEHXVHGIRUPXOWLSOHSXUSRVHVLQFOXGLQJDV
LQWKLVFRQWH[WWKHSXPSLQJRIZDWHUIRUKRXVHKROGFRQVXPSWLRQ
7KLVUHSRUWHYDOXDWHVWZRLQGHSHQGHQWO\IXQFWLRQLQJSDUWVRIDZDWHUGLVWULEXWLRQV\VWHPLQ
UXUDO3DQDPDWKDWLQFOXGHVWKHXVHRIIORZUHGXFLQJGLVFVWRPLWLJDWHIORZLQHTXDOLWLHV,W
DOVRUHYLHZVPHWKRGVIRUWKHDVVHVVPHQWRIVRODUSRZHUHGSXPSLQJV\VWHPVDVDPHDQVIRU
UXUDOZDWHUVXSSO\

3URMHFW0RWLYDWLRQ
:KLOHVHUYLQJDVDQ(QYLURQPHQWDO+HDOWKYROXQWHHUZLWKWKH3HDFH&RUSVLQ3DQDPD,
VXSSRUWHGVHYHUDOFRPPXQLWLHVZLWKWKHDQDO\VLVFRQVWUXFWLRQDQGPDLQWHQDQFHRIWKHLU
ZDWHUV\VWHPV,OLYHGDQGZRUNHGLQDUXUDOFRPPXQLW\ZKHUH,H[SHULHQFHGGU\VHDVRQ
ZDWHUVKRUWDJHVVWUXJJOHGWRIDFLOLWDWHFRPPXQLW\GHFLVLRQVUHJDUGLQJWKHLUZDWHUV\VWHP
DQGMRLQHGZLWKP\QHLJKERUVWRIL[SLSHOLQHEUHDNV3HDFH&RUSV3DQDPDWUDLQHGPHLQWKH
XVHRIWKH1HDW:RUNSURJUDPIRUWKHGHVLJQDQGDQDO\VLVRIZDWHUGLVWULEXWLRQV\VWHPV
7KHFRPPXQLW\RI*XD\DERLQWKHSURYLQFHRI&RFOpLVDFFHVVHGE\DWZLFHGDLO\KRXU
WUXFNULGHIURPWKHUHJLRQDOFDSLWDORI3HQRQRPpIROORZHGE\DQKRXUKLNH7KH
PRXQWDLQRXVUHJLRQKDGOLPLWHGDFFHVVWRPDWHULDOVWUDQVSRUWDWLRQJULGHOHFWULFLW\IRUPDO
HGXFDWLRQDQGILQDQFLDOUHVRXUFHV0RUHGHWDLOVRQWKHSURMHFWORFDWLRQDUHLQFOXGHGLQ
6HFWLRQ
7KRXJKWKHPDMRULW\RIUXUDOZDWHUV\VWHPVLQ3DQDPDDUHJUDYLW\IHGIURPQDWXUDOVSULQJV
6X]XNL WKHFRPPXQLW\RI*XD\DERSUHVHQWHGDXQLTXHFKDOOHQJHLQWKDWSDUWRIWKH
FRPPXQLW\LQFOXGLQJWKHFKXUFKDQGVFKRROZDVORFDWHGDERYHWKHKLJKHVWVSULQJLQWKH
DUHDUHTXLULQJFRPPXQLW\PHPEHUVWRKDXOZDWHURXWRIDKDQGGXJZHOODQGFDUU\LWWRWKHVH
ORFDWLRQV
/LNHLQPDQ\PRXQWDLQRXVFRPPXQLWLHVIORZHTXDOLW\WKURXJKRXWWKHZDWHUV\VWHPSURYHG
WURXEOHVRPH7KHQHHGIRUDQHIIHFWLYHDQGDIIRUGDEOHVROXWLRQWRWKLVLQHTXDOLW\GURYHPH
WRLQYHVWLJDWHWKHHIIHFWLYHQHVVRIDWHFKQLTXH3HDFH&RUSV3DQDPDXVHVKDQGPDGHIORZ
UHGXFLQJGLVFV7KRXJKVHSDUDWHWHFKQRORJLHV,FKRVHWRORRNDWERWKVRODUSRZHUHG
SXPSLQJDQGIORZUHGXFLQJGLVFVEHFDXVHRIWKHLUDSSOLFDELOLW\LQWKHFRPPXQLW\RI
*XD\DER

2EMHFWLYHV
$VHIIRUWVDUHPDGHWRH[SDQGLPSURYHGZDWHUVRXUFHVWRDQLQFUHDVLQJQXPEHURI
FRPPXQLWLHVWHFKQRORJLHVPXVWEHDGDSWHGWRPHHWWKHXQLTXHQHHGVRIWKHVHVHWWLQJV
)ORZUHGXFLQJGLVFVDQGVRODUSXPSLQJDUHWZRH[DPSOHVRIWHFKQRORJLHVWKDWFDQEH
HPSOR\HGZKHQFRQYHQWLRQDOV\VWHPVDUHQRWDSSURSULDWHIRUVPDOOUXUDOFRPPXQLWLHV
2EMHFWLYH&DOLEUDWHWKH1HDW:RUNPRGHODQGXVHLWWRGHWHUPLQHWKHDSSURSULDWH
IORZUHGXFLQJGLVFVL]HVWKDWSURYLGHHTXLWDEOHIORZVDFURVVFRPPXQLWLHVZLWK
YDU\LQJHOHYDWLRQJUDGLHQWV
(OHYDWLRQYDULDWLRQVWKURXJKRXWVPDOOZDWHUV\VWHPVFDQSURGXFHVHYHUHIORZLQHTXDOLWLHVWR
LQGLYLGXDOFRQQHFWLRQV5HJXODWLQJWKHV\VWHPE\GHFUHDVLQJIULFWLRQDOORVVHVWKURXJKWKH



LQVWDOODWLRQRIGUDPDWLFDOO\ODUJHUSLSHVL]HVWRWURXEOHSURQHORFDWLRQVFDQEHFRVW
SURKLELWLYHEXWIORZUHGXFLQJGLVFVSUHVHQWDFRVWHIIHFWLYHVROXWLRQWRWKHVHLQHTXDOLWLHV
$OWKRXJKPRGHOVDUHDYDLODEOHWRVLPXODWHEUDQFKHGGLVWULEXWLRQV\VWHPVZLWKIORZUHGXFLQJ
GLVFVPDQ\SUDFWLFDODSSOLFDWLRQVLQORZUHVRXUFHVHWWLQJVPDNHVRSKLVWLFDWHGDQDO\VHV
SUREOHPDWLF7KLVUHSRUWDLPVWRFDOLEUDWHWKH1HDW:RUNPRGHOWRSURGXFHPHDVXUHGIORZV
$VXEREMHFWLYHRIWKLVZRUNLVWRDVFHUWDLQWKHIHDVLELOLW\DQGHIIHFWLYHQHVVRIXVLQJDVLQJOH
VL]HRIIORZUHGXFLQJGLVFWKURXJKRXWDQHQWLUHZDWHUV\VWHPDQGLIWKLVVL]HFDQEH
GHWHUPLQHGEDVHGVROHO\RQWKHHOHYDWLRQYDULDWLRQLQWKHFRPPXQLW\
2EMHFWLYH(YDOXDWHVRODUSRZHUHGSXPSLQJSHUIRUPDQFHUHODWLYHWRPDQXIDFWXUHU
VSHFLILFDWLRQVDQGHQJLQHHULQJGHVLJQSULQFLSOHV
$VFRXQWULHVDQGQRQJRYHUQPHQWDORUJDQL]DWLRQV 1*2V FRQWLQXHWRH[SDQGZDWHUDQG
VDQLWDWLRQLQIUDVWUXFWXUHWRWKHPRVWUHPRWHUHDFKHVRIWKHLUFRXQWULHVWKH\IDFHODUJHULVVXHV
RIILUVWSURYLGLQJWKHQHFHVVDU\LQIUDVWUXFWXUHWRVXSSRUWWKHLUSURMHFWV7KHXVHRIVRODU
WHFKQRORJ\DOORZVZDWHUDQGVDQLWDWLRQSURMHFWVWROHDSIURJPRUHH[SHQVLYHDQGLQYROYHG
HOHFWULILFDWLRQDQGWUDQVSRUWDWLRQSURMHFWV'DWDRQLQVLWXSHUIRUPDQFHRIVRODUSRZHUHG
V\VWHPVLVQRWSUHYDOHQWLQZDWHUVXSSO\GHYHORSPHQWOLWHUDWXUHDQGZDWHUV\VWHPPDQDJHUV
PXVWUHO\RQO\RQPDQXIDFWXUHUV·OLWHUDWXUH7KLVZRUNZLOOGHPRQVWUDWHDSSURDFKHV
DSSURSULDWHWRPHDVXUHSHUIRUPDQFHDQGWKHREVHUYHGSHUIRUPDQFHFRPSDUHGWR
PDQXIDFWXUHUSHUIRUPDQFHVSHFLILFDWLRQV







3URMHFW6LWH*XD\DER&RFOp3DQDPi  1
 : 
*XD\DERLVDVPDOOFRPPXQLW\RISHRSOHRQWKHQRUWKVLGHRI3DQDPD VFHQWUDO
PRXQWDLQUDQJH7KHFRPPXQLW\LVDWWKHWRSRIDULYHUYDOOH\NLORPHWHUVQRUWKRI&RFOp V
UHJLRQDOFDSLWDORI3HQRQRPp7KRXJKUHODWLYHO\FORVHJHRJUDSKLFDOO\DODFNRIDGHTXDWH
LQIUDVWUXFWXUHOHDYHVWKHFRPPXQLW\DFFHVVLEOHRQO\E\IRRWRUKRUVHIRUWKHPDMRULW\RIWKH
\HDU


)LJXUH/RFDWLRQRI*XD\DER3DQDPD 6RXUFH*RRJOH0DSV 


)LJXUH/RFDWLRQRI*XD\DER3DQDPDLQUHODWLRQWRWKH7RDEUHDQG7XOX5LYHUV 6RXUFH*RRJOH0DSV 





7KHPDMRULW\RIIDPLOLHVLQ*XD\DERPDNHDOLYLQJDVVXEVLVWHQFHIDUPHUVZKRHDUQH[WUD
LQFRPHE\ZHDYLQJVRPEUHURVSLQWDGRV7KHVHVRPEUHURVDUHDVWDSOHDFFRPSDQLPHQWWR
WUDGLWLRQDO3DQDPDQLDQGUHVV3DOPOHDYHVDUHKDUYHVWHGERLOHGFXWDQGGULHGEHIRUHEHLQJ
ZHDYHGLQWRORQJVWULSVWKDWDUHWKHQVWLWFKHGWRJHWKHUXVLQJDQDWXUDOILEHUFDOOHGSLWD(DFK
KDWWDNHVDERXWWZRZHHNVWRZHDYHDQGLVVROGIRUEHWZHHQ86DQG86GHSHQGLQJRQ
WKHTXDOLW\


)LJXUH6RPEUHUR3LQWDGRPDGHLQ*XD\DER3DQDPD

5LFHLVDVWDSOHRIWKH3DQDPDQLDQGLHWDQGLVDOVRDZLGHO\FXOWLYDWHGFURSLQWKHUHJLRQ
2WKHUFRPPRQFURSVLQFOXGH\XFFDFRUQEDQDQDVDQGFRIIHH&URSVDUHJHQHUDOO\MXVW
JURZQIRUKRXVHKROGFRQVXPSWLRQ
7KHRQO\IXOOWLPHSDLGSRVLWLRQVLQ*XD\DERDUHWKHHOHPHQWDU\VFKRROWHDFKHUDQGKHDOWK
SRVWDVVLVWDQWZKRLVUHVSRQVLEOHIRUPRQLWRULQJYDFFLQDWLRQVLQIDQWZHLJKWDQGSURYLGLQJ
JHQHUDOPHGLFDODVVLVWDQFHIRU*XD\DERDQGVHYHUDOVXUURXQGLQJFRPPXQLWLHV0DQ\SHRSOH
WDNHWHPSRUDU\SRVLWLRQVRXWVLGHRIWKHFRPPXQLW\ZRUNLQJFRQVWUXFWLRQDVQDQQLHVKRWHO
VWDIIDQGPLQLQJJROGQHDU&RFOHVLWR:RUNLQJIDPLO\PHPEHUVW\SLFDOO\OHDYHIRUDZHHNRU
WZRDQGWKHQUHWXUQWR*XD\DERIRUDIHZGD\VEHIRUHUHWXUQLQJDJDLQWRZRUN

5XUDO:DWHU6XSSO\LQ3DQDPD
0DQ\UXUDOFRPPXQLWLHVLQ3DQDPDGHSHQGRQVSULQJVRXUFHVIRUWKHLUGULQNLQJZDWHU
)ORZLQJIUHHO\IURPWKHJURXQGWKHVHVSULQJVDUHFROOHFWHGZLWKDFRQFUHWHGDPPLQJ
VWUXFWXUHDQGWKHFROOHFWHGZDWHULVWKHQFRQYH\HGE\JUDYLW\WRWKHFRPPXQLW\VWRUDJHWDQN
7KLVW\SHRIV\VWHPLVHFRQRPLFDOWRLPSOHPHQWWRWDOLQJ86IRUDVWDQGDUGV\VWHP




VHUYLQJDERXWSHRSOH7KHVHV\VWHPVDUHUHODWLYHO\VWUDLJKWIRUZDUGWRPDLQWDLQGXHWR
WKHODFNRIPHFKDQLFDOSDUWV
:KHQDQDGHTXDWHVSULQJVRXUFHLVQRWDYDLODEOHDWDQHOHYDWLRQKLJKHUWKDQWKHFRPPXQLW\
EXLOGLQJVDSXPSPXVWEHXVHGWRHOHYDWHWKHZDWHUWRDVWRUDJHWDQN0DQ\UXUDO
FRPPXQLWLHVDUHVWLOOQRWFRQQHFWHGZLWKDSDYHGURDGRUJULGHOHFWULFLW\ZKLFKOLPLWVWKHLU
RSWLRQVIRUDIIRUGDEOHDQGDFFHVVLEOHHOHFWULFLW\,IWKHUHLVDSXPSLQSODFHLWLVW\SLFDOO\
SRZHUHGE\DJDVROLQHJHQHUDWRU7KHWUDYHOWLPHDQGH[SHQVHWRSXUFKDVHDQGWKHQ
WUDQVSRUWJDVROLQHIRUWKHV\VWHPLVW\SLFDOO\FRVWSURKLELWLYHVRWKH\DUHJHQHUDOO\UXQ
VSRUDGLFDOO\
1RWRQO\LVIXHOH[SHQVLYHDQGGLIILFXOWWRREWDLQK\GURFDUERQFRPEXVWLRQFRQWULEXWHVWR
WKHSURGXFWLRQRIJUHHQKRXVHJDVHV5HQHZDEOHHQHUJ\VRXUFHVWKRXJKUHTXLULQJDODUJH
LQLWLDOLQYHVWPHQWSUHVHQWDVROXWLRQWRWKHPDMRULW\RIWKHVHLVVXHV0RVWLPSRUWDQWO\WKH\
FUHDWHHQHUJ\IURPDORFDOO\DYDLODEOHVRXUFH

:DWHULQ*XD\DER
7KH7RDEUH5LYHUSURYLGHVVWURQJIORZVWKURXJKRXWWKH\HDUEXWLWLVDPLQXWHPXGG\
KLNHGRZQKLOOIURPWKHFRPPXQLW\FHQWHU3DUWRI*XD\DERUHFHLYHVZDWHUIURPDQDWXUDO
VSULQJWKDWILOOVDVWRUDJHWDQNDQGLVWKHQSLSHGWRDIHZQHDUE\KRPHV7KHUHLVDVHFWLRQRI
WRZQWKDWZDVFRQVWUXFWHGDWWRRKLJKRIDQHOHYDWLRQWRUHFHLYHZDWHUIURPWKLVV\VWHPDQG
KDVWKXVEHHQSXOOLQJZDWHUIURPDKDQGGXJZHOODQGFDUU\LQJLWWRWKHFKXUFKVFKRRODQG
PXOWLSOHKRPHV


)LJXUH+DQGGXJZHOOLQ*XD\DER3DQDPD




7KURXJKDJUDQWIURPWKH(QHUJ\&OLPDWHDQG3DUWQHUVKLSIRUWKH$PHULFDVIXQGLQJ
WKURXJKWKH3HDFH&RUSV3DUWQHUVKLS3URJUDPDQGFRRUGLQDWLRQZLWKD3DQDPDQLDQVRODU
FRQWUDFWRUDVRODUSXPSLQJV\VWHPZDVLQVWDOOHGLQWKHH[LVWLQJKDQGGXJZHOOWRWUDQVIHU
ZDWHUWRWZRWDQNVLQVWDOOHGDWWKHVFKRROWKHKLJKHVWFRQQHFWLRQVHUYHGE\WKHV\VWHP7KH
WDQNVHQVXUHZDWHUDYDLODELOLW\WKURXJKRXWWKHGD\DVWKHSXPSZLOORQO\IXQFWLRQGXULQJ
VXQOLJKWKRXUV7KHSXPSLQJV\VWHPFRQVLVWVRIIRXU:DWWPRQRFU\VWDOOLQHVLOLFRQVRODU
SDQHOV (76RODU,QGXVWU\/LPLWHG7DL]KRX&KLQD LQVWDOOHGLQVHULHVWRSURYLGHDWRWDORI
:DWWVDW9'&WRWKHFRQWUROOHUER[ZKHUHWKHHOHFWULFLW\LVFRQYHUWHGIURP'&WR
$&WRUXQWKH/RUHQW]36+5KHOLFDOURWRUSXPS +HQVWHGW8O]EXUJ*HUPDQ\ 7KH
SDQHOVZHUHLQVWDOOHGKRUL]RQWDOGXHWRWKHQHDUHTXDWRULDOODWLWXGHRIWKHFRPPXQLW\7KH
SXPSLVFRQWUROOHGE\DOHYHOFRQWUROIORDWVZLWFK /RUHQW]+HQVWHGW8O]EXUJ*HUPDQ\ 
LQVWDOOHGLQWKHZDWHUVWRUDJHWDQNHOLPLQDWHVWDQNRYHUIORZ7KHZHOO·VODUJHGLDPHWHUDOORZV
URRPIRUWKHSXPSZKLOHVWLOOOHDYLQJVSDFHWRGUDZZDWHUE\KDQGZLWKDURSHDQGEXFNHWLQ
FDVHWKHSXPSEUHDNVRUGRHVQRWIXQFWLRQIRUODFNRIVXQOLJKW
7KHGLVWULEXWLRQV\VWHPXVHVPLQLPDOO\VL]HGSLSHVWRUHGXFHWKHFRVWUHTXLUHGIRU
FRQVWUXFWLRQ+DQGPDGHIORZUHGXFLQJGLVFVIURPIODWWHQHG39&SLSHDUHLQVWDOOHGEHIRUH
LQGLYLGXDOFRQQHFWLRQVWRUHJXODWHSUHVVXUHLQHTXDOLWLHVFDXVHGE\PRXQWDLQRXVWHUUDLQ


)LJXUH)ORZUHGXFLQJGLVFV

0HWKRGV6RODU3XPSLQJ6\VWHP
$VWKHSULFHRIVRODUSDQHOVFRQWLQXDOO\GURSVDQGWKHHIILFLHQF\LQFUHDVHVVRODUEHFRPHVDQ
LQFUHDVLQJO\PRUHSUDFWLFDOHQHUJ\VRXUFHIRUUXUDODUHDVZLWKRXWJULGHOHFWULFLW\6RODUSDQHOV
HOLPLQDWHWKHPRQHWDU\H[SHQVHDQGORJLVWLFDOEXUGHQRISXUFKDVLQJIRVVLOIXHOVDVZHOODVWKH
HQYLURQPHQWDOLPSDFWVRIEXUQLQJIRVVLOIXHOV:LWKDGHPRQVWUDWHGOLIHVSDQRI\HDUVDQG
DQDYHUDJHFRVWRI86:DWW %D]LOLDQHWDO VRODUSDQHOVDUHEHFRPLQJDQ
LQFUHDVLQJO\PRUHYLDEOHHQHUJ\VRXUFHLQGHYHORSLQJFRPPXQLWLHV

&RPSRQHQWVRIDVRODUSXPSLQJV\VWHP
$VRODUSXPSLQJV\VWHPJHQHUDOO\FRQVLVWVRIWKHSDQHOVDFRQWUROER[WKDWPD\DOVREHD
'&$&SRZHULQYHUWHUDQGWKHSXPS7KHGHVLJQRIDSXPSLQJV\VWHPLVDKHXULVWLF
SURFHVV7KHUHDUHXVXDOO\IDFWRUVWKDWOLPLWDYDLODELOLW\VXFKDVWKHOLIWKHLJKWRUWKHDTXLIHU
\LHOG6\VWHPFRPSRQHQWVDUHFKRVHQWREHVWPHHWWKHIORZGHPDQGVLQDFFRUGDQFHZLWKWKH



EOHLQWKHZHOOGXH
OLPLWLQJIDFWRUV/LPLWLQJIDFWRUVFRXOGLQFOXGHWKHTXDQWLW\RIZDWHUDYDLODE
P,WLVPRVWLGHDO
WRDVORZUHFKDUJHUDWHFRRPPXQLW\ZDWHUGHPDQGRUWKHFRVWRIWKHV\VWHP
WRGHVLJQDV\VWHPVWDUWLQJJIURPWKHZDWHUGHPDQGRIWKHFRPPXQLW\EXWWK
KLVLVQRWDOZD\V
HFRQRPLFDOO\IHDVLEOH


)LJXUH6FKHPDWLFRIDVRODUSXPSLQJV\VWHP

3XPS
8QOLNHFRQYHQWLRQDOIL[HGVSHHGSXPSVZLWKDFRQVWDQWHQHUJ\VRXUFHVRODDUSXPSVDUH
UHTXLUHGWRZRUNRYHUDZL
ZLGHSRZHULQSXWUDQJHGHSHQGHQWRQYDULDEOHVRODDULQWHQVLW\
6OLJKWYDULDWLRQVLQVXQOLJKKWLQWHQVLW\DQGFORXGFRYHUFDXVHSXPSLQJUDWHVWWRGHYLDWHIURP
LGHDOFRQGLWLRQV)LJXUHVKRZVWKHFRPSDULVRQEHWZHHQVRODULUUDGLDQFHDDQGSXPSLQJUDWH
IRUD*UXQGIRV64)KKHOLFDOURWRUVRODUSXPS %MHUULQJEUR'HQPDUN 
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)LJXUH&RPSDULVRQRIVRODULUUDGLDQFHDQGSXPSLQJUDWHIRUD*UXQGIRV64)KHOLFDOURWRUVRODUSXPSLQ
&DLPLWDO3DQDPDRYHUDPLQXWHSHULRG

6RODUSXPSVDUHJHQHUDOO\HLWKHUKHOLFDOURWRU SRVLWLYHGLVSODFHPHQW RUPXOWLVWDJH
FHQWULIXJDOVW\OHV+HOLFDOURWRUSXPSVFDQSURYLGHZDWHUDWDQLQFUHDVHGKHDGZKHUH
FHQWULIXJDOSXPSVFDQSURGXFHKLJKHUIORZUDWHV6SHFLILFPDQXIDFWXUHUVZLOOSURYLGHWKH
SRZHUUHTXLUHPHQWVPD[LPXPDFKLHYDEOHOLIWDQGPD[LPXPIORZUDWHVSHFLILFDWLRQVIRU
HDFKSXPSDYDLODEOH*UXQGIRV ZZZJUXQGIRVFRP DQG/RUHQW] ZZZORUHQW]GH DUH
OHDGLQJPDQXIDFWXUHUVRIVRODUSRZHUHGGULQNLQJZDWHUSXPSV
$VWDQGDUGSXPSFXUYHFRPSDUHVWKHRXWSXWDVIORZWRWKHWRWDOG\QDPLFKHDG 7'+ 7KH
DVVXPSWLRQLVWKDWWKHSRZHUVXSSO\FDQEHPHWIRUWKHSXPSFKRVHQDQGLWLVNQRZQKRZ
WKHSXPSZLOOSHUIRUPDWDJLYHQ7'+:LWKDVRODUSXPSWKHSRZHUVXSSO\LVWKH
LQGHSHQGHQWYDULDEOHXSRQZKLFKWKHRXWSXWLVGHSHQGHQWIRUDJLYHQ7'+
6RODU3DQHOV
7KHVRODUDUUD\LVGHVLJQHGWRPHHWWKHSXPS VSRZHUUHTXLUHPHQWV6\VWHPYROWDJHYDULHV
GHSHQGLQJRQZKHWKHUWKHSDQHOVDUHFRQILJXUHGLQVHULHV YROWDJHLVDGGLWLYH RUSDUDOOHO
YROWDJHLVXQLIRUP 'HWHUPLQLQJWKHVRODUDUUD\FRQILJXUDWLRQZLOOGHSHQGRQWKHQRPLQDO
YROWDJHUHTXLUHPHQWVRIWKHSXPS(OHFWULFDOFXUUHQW DPSHUDJH ZLOOYDU\ZLWKGLIIHUHQW
FRQILJXUDWLRQVDQGSXPSVSHHG SRZHUGUDZ 7KHLQSXWSRZHULVWKHSURGXFWRIWKH
YROWDJHDQGDPSHUDJH3DQHOVDUHUDWHGRQWKHLUDELOLW\WRSURGXFH:DWWVSHUKRXU : DQG
WKHLUHIILFLHQF\LVDFFRXQWHGIRULQWKHPDQXIDFWXUHU VOLVWHGUDWLQJ
7KHFKHDSHVWDQGPRVWHIIHFWLYHZD\WRLQFUHDVHSXPSLQJSHUIRUPDQFHLVWRRYHUGHVLJQWKH
VRODUDUUD\FDSDFLW\7KHHOHFWULFLW\JHQHUDWLRQUDWLQJVDUHGHWHUPLQHGIURPRSWLPDOVXQOLJKW
FRQGLWLRQVZKLFKDUHXQUHDVRQDEOHWRH[SHFWRQDGDLO\EDVLV%\RYHUVL]LQJWKHVRODUDUUD\
WKHPLQLPXPSRZHUUHTXLUHGWRUXQWKHSXPSLVPRUHOLNHO\WREHDFKLHYHGDWWLPHVRI
ZHDNHUVRODULUUDGLDQFH
6WRUDJH7DQN
7KHPDMRULW\RIZDWHUIRUDV\VWHPLVFRQVXPHGGXULQJFHUWDLQSHDNGHPDQGKRXUVRIWKH
GD\PRVWO\LQWKHPRUQLQJ,QWKHPRUQLQJIDPLOLHVXVHZDWHUWRFRRNEUHDNIDVWEDWKHDQG



ZDVKODXQGU\+RZHYHUOLWWOHRUQRVXQOLJKWLVDYDLODEOHDWWKLVWLPHWRUXQWKHSXPS,Q
RUGHUWRPHHWWKHPRUQLQJGHPDQGDV\VWHPPXVWDOVRLQFOXGHHLWKHUDZDWHUVWRUDJHWDQNRU
DEDWWHU\7KHVWRUDJHWDQNFDQEHILOOHGGXULQJSHDNVXQOLJKWKRXUVDQGEHFRQVXPHGE\
KRXVHKROGVDVQHHGHG$EDWWHU\VWRUHVH[FHVVHQHUJ\DOORZLQJWKHSXPSWREHUXQDWDQ\
WLPHGD\RUQLJKWWKDWZDWHULVGHVLUHGIURPWKHZHOO
7KHVL]HRIWKHWDQNLVGHSHQGHQWRQWKHFRPPXQLW\ZDWHUGHPDQG)RUH[DPSOHWKURXJK
KRXVHKROGVXUYH\VLQKHUFRPPXQLW\DYROXQWHHUGHWHUPLQHGWKDWKHUFRPPXQLW\RI
SHRSOHUHTXLUHVJDOORQVRIZDWHUDGD\DQGWKH\XVHDERXWRIWKDWZDWHUEHWZHHQ
DP7KXVWKHWDQNZRXOGEHVL]HGDWDPLQLPXPRIJDOORQVWRSURYLGHWKHGHVLUHG
ZDWHULQWKHPRUQLQJEHIRUHVXVWDLQHGVRODUSXPSLQJFDQRFFXU,QIRUPDWLRQRQWKHGHVLJQ
DQGFRQVWUXFWLRQRIWKHDFWXDOWDQNLVRXWOLQHGLQ&KDSWHURIWKH)LHOG*XLGHWR
(QYLURQPHQWDO(QJLQHHULQJIRU'HYHORSPHQW:RUNHUV 0LKHOFLFHWDO 
%DWWHU\
%DWWHULHVLQFUHDVHWKHIOH[LELOLW\RIWKHV\VWHPE\DOORZLQJWKHSXPSWRUXQLQGHSHQGHQWRI
VXQOLJKWEXWDOVRLQFUHDVHWKHV\VWHPFRVW*HQHUDOO\VHYHUDOEDWWHULHVPXVWEHLQVWDOOHGLQ
VHULHVWRDFKLHYHWKHVDPHQRPLQDOYROWDJHUHTXLUHPHQWVRIWKHSXPS)RUH[DPSOHLID
SXPSKDVDQRPLQDOYROWDJHUHTXLUHPHQWRIDERXW9'&IRXU9'&EDWWHULHV
FRQQHFWHGLQVHULHVZRXOGEHUHTXLUHGWRREWDLQWKHPLQLPXPYROWDJH$KRXVLQJVWUXFWXUH
PXVWDOVREHFRQVWUXFWHGQHDUWKHSDQHOVDQGSXPSWRNHHSWKHEDWWHULHVGU\FRRODQG
SURWHFWHG%DWWHULHVPXVWEHVHFXUHGDVYDOXDEOHDQGYXOQHUDEOHSDUWVRIWKHV\VWHP
2WKHUFRQVLGHUDWLRQV
$ORZZDWHUVKXWRIIVHQVRUSURWHFWVWKHSXPSIURPGDPDJHDVWKHZDWHUVRXUFHUXQVGU\
6RPHSXPSVKDYHWKLVIHDWXUHEXLOWLQEXWIRURWKHUSXPSVLWPXVWEHSXUFKDVHGVHSDUDWHO\
DQGLQVWDOOHG7KHDPRXQWRIZDWHUDYDLODEOHLQDZHOOFDQEHGHWHUPLQHGEDVHGRQVWRUDJH
DQGUHFKDUJHUDWHDQGWKLVFDQEHXVHGWRSUHGLFWWKHPD[LPXPSURGXFWLRQRIWKHZHOO
$OHYHOFRQWUROOHGIORDWVZLWFKLVDVHQVRULQVWDOOHGLQWKHWDQNWKDWVWRSVWKHSXPSIURP
UXQQLQJZKHQWKHWDQNLVIXOO7KLVDOORZVH[WUDZDWHUWREHVWRUHGLQWKHZHOODQGHOLPLQDWHV
RYHUIORZDWWKHWDQN
%HWZHHQWKHSDQHOVDQGWKHSXPSWKHHOHFWULFLW\SDVVHVWKURXJKDFRQWUROOHUER[7KLV
YDULHVIRUHYHU\V\VWHPUDQJLQJIURPDVLPSOHVZLWFKER[WRDFRQGXLWWRFRQQHFWWKHDERYH
PHQWLRQHGORZZDWHUVKXWRIIVHQVRUDQGOHYHOFRQWUROOHGIORDWVZLWFK,WZLOODOVRDFWDVDQ
LQYHUWHULIWKHSXPSUXQVRQ$&HOHFWULFLW\6RPHSXPSVDOORZWKHPD[LPXPRSHUDWLQJ
VSHHGWREHPDQXDOO\DGMXVWHGZKLFKZLOOOLPLWWKHSXPSVSHHGIURPFKDQJLQJWRR
GUDPDWLFDOO\DVVRODULQWHQVLW\YDULHV7KHUHDUHDOVRDIHZPRGHOVWKDWFDQEHFRQQHFWHGWRD
GLHVHOJHQHUDWRUWKURXJKWKHFRQWUROER[ZKLFKFDQEHDJRRGDOWHUQDWLYHIRUORZVXQOLJKW
WLPHVVXFKDVWKHUDLQ\VHDVRQ

(YDOXDWLQJWKH(IILFLHQF\RID6RODU3RZHUHG3XPSLQJ6\VWHP
6RODUSRZHUHGSXPSLQJV\VWHPVDUHGHVLJQHGEDVHGRQWKHVSHFLILFVLWHQHHGVDQGWKHSXPS
PDQXIDFWXUHU VOLVWHGVSHFLILFDWLRQV(QYLURQPHQWDOFRQGLWLRQVDUHDPDMRUIDFWRULQWKH



SHUIRUPDQFHRIDVRODUV\VWHPDVYDULDQFHVLQVRODULQWHQVLW\DUHGLUHFWO\FRUUHODWHGWRWKH
SXPSLQJUDWHDQGWKXVWKHDPRXQWRIZDWHUDYDLODEOHWRWKHFRPPXQLW\7KHIROORZLQJZLOO
SURYLGHDJXLGHWRDVVHVVLQJWKHSHUIRUPDQFHRIWKHZHOOVRODUSDQHOVDQGSXPSLQDJLYHQ
V\VWHP7KHIROORZLQJDVVHVVPHQWVDUHGHVFULEHGLQIXUWKHUGHWDLOLQWKHVXEVHTXHQW
VXEVHFWLRQV
,QIRUPDWLRQWRFROOHFWDQGFRQVLGHULQFOXGHV
6HYHUDOPHDVXUHPHQWVWDNHQLQWKHILHOGZLOOEHQHFHVVDU\WRFRPSLOHDFRPSOHWHDQDO\VLVRI
WKHVRODUSXPSLQJV\VWHP
'HSWKRIZHOODQGGHSWKWRZDWHU
7KHGHSWKWRWKHZDWHUOHYHOLQWKHZHOOFDQEHPHDVXUHGXVLQJDZDWHUOHYHO
VRXQGHURUE\VLPSO\ORZHULQJDQREMHFWRQDVWULQJDQGPHDVXULQJWKHOHQJWK
RIWKHVWULQJ,WLVLPSRUWDQWWRPHDVXUHGHSWKWRZDWHUWKURXJKRXWWKH\HDU
WRDFFRXQWIRUVHDVRQDOYDULDWLRQVLQWKHZDWHUWDEOH7KHGHSWKRIWKHZHOO
LWVHOIFDQEHREWDLQHGIURPGULOOLQJORJV7KHGHSWKRIWKHSXPSFDQEH
GHWHUPLQHGIURPWKHOHQJWKRISLSHLQVWDOOHGDERYHWKHSXPS+DQGGXJ
ZHOOVKDYHOLPLWHGGHSWKEHORZWKHZDWHUWDEOHGXHWRWKHLQIHDVLELOLW\RI
GLJJLQJXQGHUZDWHU
'LDPHWHURIWKHZHOO
.QRZLQJWKHGHSWKRIWKHZHOODQGWKHGLDPHWHUWKHVWRUDJHLQWKHZHOOFDQ
EHFDOFXODWHGDQGVSHFLILFDOO\WKHYROXPHRIZDWHUVWRUHGLQWKHZHOODERYH
WKHSXPS'HSHQGLQJRQWKHUHFKDUJHUDWHRIWKHZHOOWKHZDWHUVWRUDJH
FDSDFLW\RIWKHZHOOFDYLW\LWVHOIPD\EHVLJQLILFDQWWRWKHDPRXQWRIDYDLODEOH
ZDWHUWRWKHV\VWHP
+HLJKWDERYHJURXQGWRWKHWDQNDQGGLVWDQFHRIWXELQJ
5HFRUGWKHVL]HUDWLQJDQGOHQJWKRIDOOSLSHVLQVWDOOHGEHWZHHQWKHSXPS
DQGWKHWDQN7KHVHPHDVXUHPHQWVZLOOEHUHTXLUHGWRGHWHUPLQHIULFWLRQDO
ORVVHVDVWKH\FRQWULEXWHWRWKHWRWDOG\QDPLFKHDG 7'+ 7KHKHLJKW
GLIIHUHQFHEHWZHHQWKHZHOOKHDGDQGWKHWDQNLQOHWZLOODOVRQHHGWREH
PHDVXUHG7KLVFDQEHGRQHZLWKDQ$EQH\OHYHOLIDYDLODEOHRUDVLPSOH
ZDWHUOHYHOGHYLFH
:HOO5HFKDUJH5DWH
7KHSURGXFWLYLW\RIDZHOOLVGHWHUPLQHGE\UXQQLQJDSXPSWHVWDQG
PHDVXULQJWKHOHYHORIZDWHULQWKHZHOOLQFRQMXQFWLRQZLWKWKHDPRXQWRI
ZDWHUEHLQJUHPRYHGIURPWKHZHOO$IWHUWKHZDWHUOHYHOGUDZVGRZQWRDQ
HTXLOLEULXPGHSWKWKHSXPSFDQEHVKXWRIIDQGWKHQWKHGHSWKWRWKHZDWHU
WDEOHLVPHDVXUHGDVDIXQFWLRQRIWKHWLPHLWWDNHVIRUWKHZDWHUWDEOHWR
UHWXUQWRLWVRULJLQDOOHYHO6HFWLRQESURYLGHVPRUHLQGHSWKLQIRUPDWLRQ
RQWKHFROOHFWLRQRIGDWDIRUDSXPSLQJWHVW
:HOOFRQILJXUDWLRQ
7KHSRVVLELOLW\RIH[FHVVLYHVHGLPHQWORDGLQJLQDKDQGGXJZHOOVKRXOGEH



FRQVLGHUHGDVWKLVPD\FRQWULEXWHWRIDLOXUHRIWKHSXPS+DQGGXJZHOOV
RIWHQWLPHVGRQRWDOORZIRUPXFKPRUHWKDQIHHWRIVWDQGLQJZDWHU7KLV
PD\EHFRPHDQLVVXHGHSHQGLQJRQWKHQHWSRVLWLYHVXFWLRQKHDG
UHTXLUHPHQWVRI\RXUSXPSDQGKRZFULWLFDOWKHERUHKROHVWRUDJHLVLIWKH
DTXLIHUKDVDVORZUHFKDUJHUDWH
'DLO\ZDWHUGHPDQGRIWKHFRPPXQLW\
7KHFRPPXQLW\ZDWHUGHPDQGFDQEHGHWHUPLQHGE\FRQGXFWLQJKRXVHKROG
ZDWHUXVHVXUYH\VRULVRIWHQWLPHVHVWLPDWHGE\SXEOLFKHDOWKRUJDQL]DWLRQV
3DQDPD V0LQLVWU\RI+HDOWKUHFRPPHQGVJDOORQVRIZDWHUSHUSHUVRQSHU
GD\IRUFRPPXQLWLHVXVLQJODWULQHVIRUVDQLWDWLRQ *RELHUQR1DFLRQDO
5HS~EOLFDGH3DQDPi 7KLVKDVEHHQIRXQGLQSUDFWLFHWREHKLJKHU
WKDQDFWXDOZDWHUGHPDQGV

D6RODU(IILFLHQF\
7KHHIILFLHQF\RIVRODUSDQHOVLVDPHDVXUHRIKRZPXFKHOHFWULFLW\FDQEHSURGXFHGSHU
VTXDUHPHWHURISDQHO0RUHHIILFLHQWVRODUSDQHOVFDQSURGXFHWKHVDPHDPRXQWRI
HOHFWULFLW\IURPDVPDOOHUVXUIDFHDUHD7KHPRVWHIILFLHQWFRPPHUFLDOO\DYDLODEOHVRODUSDQHO
PRGXOHVDUHFXUUHQWO\HIILFLHQW 1DWLRQDO5HQHZDEOH(QHUJ\/DERUDWRU\ 
(IILFLHQF\LVWUDGHGRIIIRUFRVWVRPRUHDIIRUGDEOHSDQHOVGRQRWUHDFKWKLVHIILFLHQF\
0HDVXUHFRQFXUUHQWO\
D 6RODU,UUDGLDQFH :P 
E 9ROWV
F $PSV
(TXLSPHQWXVHGIRUGDWDFROOHFWLRQLQFOXGHV
x '6$VRODULUUDGLDQFHPHWHUPDQXIDFWXUHGE\'D\VWDU,QFRI1HZ0H[LFR  
0HDVXUHVVRODULUUDGLDQFHLQ:DWWVSHUFXELFPHWHU :P 7KHPHWHUKDV
DFFXUDF\IURP:P 'D\VWDU,QF 
x &0$&'&/RZ&XUUHQW&ODPS0HWHU0DQXIDFWXUHGE\*HQHUDO
7HFKQRORJLHV&RUSRUDWLRQ *7& &DQDGD  0HDVXUHVWKH'&YROWVSURYLGHG
E\WKHVRODUDUUD\DQGWKH$&FXUUHQWGUDZQE\WKHSXPS

'DWD&ROOHFWLRQ3URFHGXUH
7KHSURFHVVIRUFROOHFWLQJVRODUV\VWHPGDWDLVDVIROORZV
 6LPXOWDQHRXVO\PHDVXUHVRODULUUDGLDQFHZLWKYROWVDQGWKHQDPSV
 7KH'D\VWDUVRODULUUDGLDQFHPHWHUZLOOEHKHOGDORQJWKHVLGHRIWKHDUUD\IDFLQJWKH
VN\DWWKHVDPHDQJOHDVWKHSDQHOV$VWKHGLVSOD\YDULHVUDSLGO\DQDYHUDJHZLOOEH
WDNHQ'DWDZLOOEHUHFRUGHGLQ:DWWVP
 9ROWVZLOOEHPHDVXUHGLQ'&E\FRQQHFWLQJWKHSRVLWLYHDQGQHJDWLYHSUREHHQGVWR
DSSURSULDWHQHJDWLYHDQGSRVLWLYHZLUHFRQQHFWLRQVZLWKLQWKHFRQWUROER[




 $PSVZLOOEHWKHQEHPHDVXUHGRQWKH$&VHWWLQJDVWKH\DUHFRQYHUWHGLQWKH
FRQWUROOHUEHIRUHEHLQJVHQWWRUXQWKHSXPSXWLOL]LQJWKHFODPSIHDWXUHRIWKH
DPPHWHUDURXQGRQHRIWKHZLUHVUXQQLQJWRWKHSXPS
(IILFLHQF\LVWKHQFDOFXODWHGDVWKHDPRXQWRIHOHFWULFLW\JHQHUDWHGSHUDUHDDVFRPSDUHGWR
WKHVRODUSRWHQWLDODYDLODEOH
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E3XPS7HVW'DWD&ROOHFWLRQ
$SXPSWHVWZLOOKHOSWRGHWHUPLQHDTXLIHUFKDUDFWHULVWLFVDVZHOODVSXPSIXQFWLRQXQGHU
YDU\LQJVRODUFRQGLWLRQV0HDVXULQJWKHVRODULUUDGLDQFHLQOLQHZLWKWKHSXPSLQJUDWHFDQ
KHOSWRGHWHUPLQHKRZVRODUYDULDWLRQVDIIHFWWKHZDWHUDYDLODEOHLQWKHV\VWHP0HDVXULQJWKH
ZHOOUHFKDUJHUDWHRUKRZIDVWZDWHUIURPWKHVXUURXQGLQJDTXLIHUHQWHUVWKHZHOO
GHWHUPLQHVWKHDYDLODEOHZDWHUGXULQJFRQWLQXHGSXPSLQJ
(TXLSPHQWXVHGIRUGDWDFROOHFWLRQLQFOXGHV
x +RPHPDGHZDWHUOHYHOPHWHURUVRXQGHU &RQVWUXFWLRQGHWDLOVLQ$SSHQGL[$
&RQVWUXFWLRQRID:DWHU/HYHO6RXQGHU *RYHUQPHQWRI$OEHUWD 
x 6WRSZDWFK
x JDOORQEXFNHW
x 36,SUHVVXUHJDXJH:,.$ZLWK137FRQQHFWLRQ

'DWD&ROOHFWLRQ3URFHGXUH
7KHVHVWHSVZLOOEHIROORZHGIRUWKHFROOHFWLRQRIGUDZGRZQDQGUHFKDUJHPHDVXUHPHQWV
 /HWWKHZHOOVLWXQGLVWXUEHGIRUKRXUVSULRUWRWKHSXPSWHVWWRDOORZWKHVWDWLF
ZDWHUOHYHOWRVWDELOL]H
 0HDVXUHWKHVWDWLFZDWHUOHYHOZLWKWKHVRXQGHU
 7XUQWKHFRQWUROOHUER[RQDQGSXPSLQJZLOOEHJLQZKHQWKHUHLVVXIILFLHQWVXQOLJKW
WRVWDUWWKHSXPS DURXQGDPIRUWKHWHVWVLWH 
 )ORZUDWHVZLOOEHPHDVXUHGDWWKHWDQNE\PHDVXULQJWKHWLPHWRILOODJDOORQ
EXFNHW7KH\ZLOOEHPHDVXUHGHYHU\PLQXWHV
 7KHVRXQGHUZLOOEHUDLVHGXSDERXWLQFKHVEHWZHHQUHDGLQJVDQGRQFHHYHU\
PLQXWHVZLOOEHORZHUHGGRZQVORZO\XQWLOWKHFLUFXLWLVFRQQHFWHGVRXQGLQJWKH
VLUHQ7KHGHSWKZLOOEHUHFRUGHGWRWKHFORVHVWWHQWKRIDQLQFK
 ([WHQWRISXPSLQJZLOOOLNHO\EHGLFWDWHGE\WKHVRODULQWHQVLW\DQGPD\KDYHJDSV
GXHWRFORXGFRYHURUQHHGWREHVWRSSHGHDUO\LQWKHFDVHRIUDLQ
 'HSWKWRZDWHUZLOOEHPHDVXUHGZLWKWKHVRXQGHURQFHHYHU\PLQXWHVIRUWKH
ILUVWKRXURQFHSXPSLQJKDVILQLVKHGDQGUHFKDUJHKDVEHJXQ$IWHUWKHILUVWKRXU
GHSWKZLOOEHUHFRUGHGRQFHHYHU\PLQXWHV7KLVIUHTXHQF\ZLOOLQFUHDVHIRU
VPDOOHUGLDPHWHUZHOOV



3XPSLQJ+HDG
3XPSLQJKHDGRUWRWDOG\QDPLFKHDG 7'+ LVWKHDPRXQWRISUHVVXUHWKHSXPSLVUHTXLUHG
WRRYHUFRPHWRJHWZDWHUIURPDZHOOLQWRDWDQNDVH[SUHVVHGDVDKHLJKWRIZDWHU7KLV
KHLJKWLQFOXGHVWKHDFWXDOOLIWEHWZHHQWKHZHOODQGWKHWDQNEXWDOVRIDFWRUVLQIULFWLRQDO
ORVVHVIURPWKHSLSHVDQGILWWLQJV:KHQFKRRVLQJDSXPSWKH7'+ZLOOEHDQHFHVVDU\
SDUDPHWHUWRFRQVLGHU7KHIROORZLQJHTXDWLRQFDQEHXVHGWRGHWHUPLQHIULFWLRQDOORVVHV
IURPWKHSLSHZDOOV 0LKHOFLFHWDO 


݄ ൌ ͳ݂

 ܳܮଶ
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:KHUHK/LVWKHIULFWLRQDOKHDGORVV IHHW /LVWKHOHQJWKRISLSH IHHW 4LVWKHIORZUDWH
IWVHF JLVJUDYLW\ IWV DQG'LVWKHGLDPHWHURIWKHSLSH IHHW 7KHIULFWLRQDO
IDFWRUI NV'NVIRU39& [DQGWKHGLDPHWHURIWXELQJIURPWKHSXPSWRWKH
WDQNLVRUIW7KLVNV'YDOXHFRUUHVSRQGVWRDIULFWLRQIDFWRURI
3XPS(IILFLHQF\
(QHUJ\ORVVHVRULJLQDWHIURPLQHIILFLHQFLHVLQWKHSDQHOVWKHFXUUHQWFRQYHUWHUDQGWKHSXPS
LWVHOI7KHVHDOOFRQWULEXWHWRWKHRYHUDOOHIILFLHQF\RIWKHV\VWHP6RODUSXPSHIILFLHQF\LV
VDLGWREHEHWZHHQDQGDQGFDQEHFDOFXODWHGXVLQJIORZUDWHVDQGVRODUSRZHU
RXWSXWVDQGWKHIROORZLQJHTXDWLRQ /25(17= 
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+RUVHSRZHU :DWWV
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0HWKRGV)ORZ5HGXFLQJ'LVFV
:DWHUGLVWULEXWLRQV\VWHPVLQ3DQDPD VUXUDOPRXQWDLQRXVFRPPXQLWLHVSUHVHQWODUJHVWDWLF
SUHVVXUHLQHTXDOLWLHVDWKRPHVWKURXJKRXWWKHV\VWHPIURPHOHYDWLRQYDULDWLRQVRIXSWR
PHWHUV+RPHVDWORZHUHOHYDWLRQVJHQHUDOO\UHFHLYHDGHTXDWHIORZUDWHVEXWSUHVVXUHORVVHV
IURPRSHQRUEURNHQVSLJRWVDQGEURNHQSLSHVFDXVHWKRVHDWKLJKHUHOHYDWLRQVWRVXIIHU
IURPDODFNRIUHVLGXDOSUHVVXUHLQWKHPDLQOLQHUHTXLUHGWROLIWWKHZDWHUWRWKHLUVSLJRWV
:DWHUV\VWHPGHVLJQSURJUDPVVXFKDV(3$1(7 5RVVPDQ RIWHQPLWLJDWHWKHVH
GLIIHUHQFHVLQIORZLQHTXDOLW\E\UDLVLQJWKHKHLJKWRIWKHWDQNWRLQFUHDVHRYHUDOOV\VWHP
SUHVVXUHDQGLQFUHDVLQJSLSHGLDPHWHUVWRUHGXFHIULFWLRQDOORVVHV7KLVFDQEHUHSOLFDWHGE\
FUHDWLQJDUWLILFLDOO\KLJKKHDGORVVHVDWWKHKLJKIORZKRXVHVLQRUGHUWRPDLQWDLQPRUH
UHVLGXDOSUHVVXUHLQWKHV\VWHP)ORZUHGXFLQJGLVFV )5' FXWIURPIODWWHQHG39&SLSLQJ
ZLWKDKROHVDZFDQFKHDSO\DQGHDVLO\UHSURGXFHWKLVH[WUDIULFWLRQDOORVV7KHIDEULFDWLRQRI
IORZUHGXFLQJGLVFVLVRXWOLQHGLQ$SSHQGL[%
)ORZUHGXFLQJGLVFVVL]HVZHUHGHVLJQHGXVLQJ1HDW:RUN ZZZQHDWZRUNRUGHFV\VFRP D
IUHHVRIWZDUHSURJUDPFUHDWHGE\WKHQRQJRYHUQPHQWDORUJDQL]DWLRQ$TXDSDUDOD9LGDDQG
WKH8QLYHUVLW\RI*HQHYDVSHFLILFDOO\IRUWKHGHVLJQRIZDWHUGLVWULEXWLRQV\VWHPVLQUXUDO
DUHDV $JXD3DUDOD9LGD 7KHSURJUDPLVXVHGE\WKH(QYLURQPHQWDO+HDOWKVHFWRURI
3HDFH&RUSV3DQDPDWRGHVLJQDQGDQDO\]HZDWHUV\VWHPVZKHUHYROXQWHHUVOLYHDQGZRUN
1HDW:RUNRSWLPL]HVSHUIRUPDQFHZKLOHPLQLPL]LQJFRVWE\UHJXODWLQJIORZLQHTXDOLWLHVZLWK
IORZUHGXFLQJGLVFVDVRSSRVHGWRZLGHO\YDU\LQJSLSHVL]HV1HDW:RUNKDVDURXJKHUXVHU
LQWHUIDFHWKDQ(3$1(7DVLWLV-DYDEDVHGDQGKDVQRVSDWLDOPDSSLQJFRPSRQHQW7KH
SURJUDP VUHTXLUHGLQSXWVDQGLWVRXWSXWVDORQJZLWKLWVFDSDELOLWLHVDUHOLVWHGLQ7DEOH
7DEOH1HDW:RUNLQSXWVDQGRXWSXWV

,QSXWV

2XWSXWV

x 1RGHV$OOILWWLQJVFKDQJHVLQSLSHVL]HDQG
IDXFHWVDUHPDUNHGE\DQRGHWKDWLVGHILQHGE\LWV
KHLJKWLQPHWHUVEHORZWKHWDQNZKLFKLVDQRGH
LWVHOIDWDKHLJKWRIPHWHUV
x $UF/HQJWKV$UFVDUHWKHVHFWLRQVFRQQHFWLQJDOO
RIWKHQRGHV7KHLUOHQJWKLVHQWHUHGLQPHWHUV
x $YDLODEOH0DWHULDOV&KRRVHWKHVL]HDQGUDWLQJRI
39&SLSHVDYDLODEOHIRUSXUFKDVHDQGWKHVL]HRI
)5'VDYDLODEOHZKLFKPD\VLPSO\FRUUHODWHWRWKH
VL]HRIGULOOELWV
x 7DUJHWIORZUDWHDWIDXFHWVLQOLWHUVVHFRQG
x 6HYHUDORWKHUSDUDPHWHUVFDQEHFXVWRPL]HG
LQFOXGLQJWKHFRHIILFLHQWXVHGWRFDOFXODWHWKH
KHDGORVVFUHDWHGE\WKH)5'DQGWKHIUDFWLRQRI
VLPXOWDQHRXVO\RSHQIDXFHWV

x3LSHV6L]HVLQPHWHUVIRUWKHHQWLUH
V\VWHP
x2ULILFH6L]HVIRUIORZUHGXFLQJGLVFV
'LDPHWHULQPHWHUV
x6LPXODWLRQVSURGXFH
)ORZDWQRGHV OLWHUVVHFRQG 
6SHHGLQSLSHV PHWHUVVHFRQG 
+HDGSUHVVXUHDWQRGHV PHWHUV 
3HUFHQWLOHVRIPD[LPXPIORZV
x$ELOLW\WRFXVWRPL]HGHVLJQVDIWHUWKH\
KDYHEHHQFUHDWHGDQGUXQVLPXODWLRQV
RQQHZLWHUDWLRQV






1HDW:RUNLVFDSDEOHRIUXQQLQJ0RQWH&DUORVDPSOLQJIRUDXVHUGHILQHGSHUFHQWDJHRI
RSHQIDXFHWVRYHUWKHHQWLUHV\VWHP,WDOVRSHUIRUPVVLPXODWLRQVIRUDVLQJOHRSHQIDXFHWRU
DXVHUGHILQHGVHWRIIDXFHWVVLPXOWDQHRXVO\)XUWKHUH[SODQDWLRQRQWKHXVHRIWKHSURJUDP
LVSURYLGHGLQWKHXVHU VPDQXDO $JXD3DUDOD9LGD 
(FRQRPLF$GYDQWDJH
7KHHTXDOL]DWLRQRIIORZLQDV\VWHPWKURXJKWKHLQVWDOODWLRQRIODUJHGLDPHWHUSLSHVL]HVFDQ
EHFRVWSURKLELWLYH)RUH[DPSOHLQWKHGHVLJQIRURQHUXUDOFRPPXQLW\1HDW:RUN
GHVLJQLQJZLWKRXWIORZUHGXFLQJGLVFVVXJJHVWHG39&SLSLQJIRUDIRRWXSKLOOVWUHWFK
WRDKRPHZKLFKDW86SHUIRRWVHFWLRQZRXOGFRVW86,IXVLQJIORZ
UHGXFLQJGLVFVWKHVDPHKRXVHFRXOGEHFRQQHFWHGXVLQJDSLSHIRU86 86
SHUIRRWVHFWLRQ 7KHLQVWDOODWLRQRIIORZUHGXFLQJGLVFVFDQIRUMXVWWKLVRQHKRXVH
SURGXFHDVDYLQJVLQH[FHVVRI86,QDQDUHDZKHUHWKHDYHUDJHPRQWKO\LQFRPHLVOHVV
WKDQ86SHUIDPLO\FRVWGLIIHUHQWLDOVRIWKDWVL]HFDQEHFRVWSURKLELWLYHIRUWKHSURMHFW
:KHQWKHFRUUHFWPDWHULDOVFDQQRWEHSXUFKDVHGIRUDSURMHFWIORZLQHTXDOLWLHVZLOOUHPDLQ
,QVWDOODWLRQ
7KH)5'VZHUHLQVWDOOHGRQWKHSLSHVDIWHUWKHPDLQOLQHWKDWKHDGWRLQGLYLGXDOFRQQHFWLRQV
EHIRUHWKHVSLJRWVJOXHGLQSODFHZKHUHWZRSLSHVFRQQHFWRULQWKLVFDVHEHIRUHDVKXWRII
YDOYHIRUWKHLQGLYLGXDOFRQQHFWLRQ7KHEDOOYDOYHVZHUHRQO\LQSODFHWRWXUQRIIZDWHUWRD
FRQQHFWLRQLQWKHFDVHRIWUXDQWZDWHUSD\PHQWVRUV\VWHPPDLQWHQDQFH7KHYDOYHVZHUH
QRWXVHGWRUHJXODWHIORZ


ƚŽ^ƉŝŐŽƚ

ĨƌŽŵ






)LJXUH,QVWDOODWLRQRSWLRQVIRUIORZUHGXFLQJGLVFVEHIRUHKRXVHKROGFRQQHFWLRQV

1HDW:RUN0RGHO&DOLEUDWLRQ
6LPXODWLRQVZHUHFRQGXFWHGZLWKLQ1HDW:RUNXVLQJDUDQJHRIFRHIILFLHQWV ߠ WRGHWHUPLQH
ZKLFKPRVWFORVHO\UHSURGXFHGWKHIORZUDWHVPHDVXUHGLQWKHILHOG



1HDW:RUNXVHVWKHIROORZLQJHTXDWLRQWRFDOFXODWHIORZUHGXFHUVL]H $JXD3DUDOD9LGD
 


߲݄ ൌ െߠ

ܳଶ

݀ସ


 

:KHUH߲݄ WKHKHDGORVVDFURVVWKHRULILFH P 
ܳ IORZUDWH PV 
G GLDPHWHURIWKHRULILFH P 
ߠ LVWKHFKRLFHRIWKHGHVLJQHU

7KHFRHIILFLHQWV ߠ ZLOOYDU\EDVHGRQWKHFRQVWUXFWLRQRIWKHGLVFV7KHRULJLQDO
FRHIILFLHQWVZHUHGHWHUPLQHGLQWKHODEXVLQJPDQXIDFWXUHG)5'VZLWKDJXDUDQWHHG
GLDPHWHU

7KHIROORZLQJSURFHGXUHZDVXVHGWRPHDVXUHIORZUDWHVWKDWZHUHXVHGLQWKHFDOLEUDWLRQ
SURFHVV
(TXLSPHQW8VHG
x 7ZR36,SUHVVXUHJDXJH:,.$ZLWK137FRQQHFWLRQ
x 9DULRXVVL]HVRIKRPHPDGHIORZUHGXFLQJGLVFV
x 39&EDOOYDOYHWRPLPLFWKHZD\WKHIORZUHGXFLQJGLVFVZHUHLQVWDOOHGLQVKXWRII
YDOYHVEHIRUHHDFKIDXFHW
x 6WRSZDWFK
x JDOORQEXFNHW
'DWD&ROOHFWLRQ3URFHGXUH
 0HDVXULQJVHWXSDVGHSLFWHGLQ)LJXUHZDVLQVWDOOHGZLWKWKHGHVLUHGIORZ
UHGXFLQJGLVFSODFHGEHIRUHWKHEDOOYDOYH
 $QLQLWLDOSUHVVXUHUHDGLQJZDVUHFRUGHGZLWKWKHVSLJRWFORVHGLILWZDVOHVVWKDQ
SVL
 :LWKWKHVSLJRWFRPSOHWHO\RSHQWKHWLPHWRILOODJDOORQEXFNHWZDVPHDVXUHG
 3UHVVXUHUHDGLQJVEHIRUHDQGDIWHUWKH)5'ZHUHUHFRUGHGZKLOHWKHVSLJRWZDV
RSHQ7KHUHVWRIWKHGLVWULEXWLRQV\VWHPZDVFRPSOHWHO\FORVHGH[FHSWIRUWKH
VSLJRWEHLQJPHDVXUHG






)LJXUH3UHVVXUHGURSPHDVXUHPHQWVHWXS





(YDOXDWLRQRI/RVV&RHIILFLHQWZLWK0XOWLSOH2SHQ6SLJRWV
7KHIORZUDWHDWDVLQJOHRSHQVSLJRWLVYHU\SUHGLFWDEOHDQGHDVLO\FDOFXODWHGZLWKGDWDRQWKH
V\VWHPFKDUDFWHULVWLFV7KHV\VWHPLVOHVVHDV\WRSUHGLFWZKHQPXOWLSOHVSLJRWVDUHRSHQDW
WKHVDPHWLPH0RGHOLQJWKHIORZDWFRQFXUUHQWO\RSHQVSLJRWVSURGXFHVUHVXOWVWKDWDUH
PRUHOLNHO\WRUHVHPEOHUHDOOLIHVLWXDWLRQVZLWKLQWKHV\VWHP6HYHUDOIORZUDWHVZHUH
PHDVXUHGFRQFXUUHQWO\LQWKHILHOGWRFRPSDUHWRPRGHOHGGDWD

'DWD&ROOHFWLRQ3URFHGXUH
6LPXOWDQHRXVIORZRIRSHQVSLJRWV
 $ZKLVWOHZDVXVHGWRVLJQDOWKHPHDVXUHUVDWHDFKVHSDUDWHFRQQHFWLRQ7KHZKLVWOH
ZDVEORZQRQFHDQGDOOVSLJRWVZHUHRSHQHG
 7KHZKLVWOHZDVEORZQDVHFRQGWLPHDQGDOOSDUWLHVVWDUWHGPHDVXULQJWKHWLPHWR
ILOODJDOORQEXFNHW7KH\KROOHUHGLQZKHQWKHLUEXFNHWZDVIXOOEXWOHIWWKHLU
VSLJRWRSHQ
 7KHZKLVWOHZDVEORZQRQFHPRUHDQGDOOVSLJRWVZHUHFORVHGDQGUHVXOWVZHUH
UHFRUGHG

&RQFXUUHQWIORZGDWDWRPDWFKWKHPHDVXUHGGDWDVHWVZDVPRGHOHGLQ1HDW:RUNXVLQJWKH
SUHGHWHUPLQHGRULILFHFRHIILFLHQWYDOXHDVZHOODVWKHRSWLPXPFRHIILFLHQWDVGHWHUPLQHGE\
WKHPDQLSXODWLRQRIWKHPRGHOZLWKLQGLYLGXDOIDXFHWIORZV

8VHRID6LQJOH6L]HG)ORZ5HGXFLQJ'LVF
,QVWDOOLQJDSSURSULDWHO\VL]HGIORZUHGXFLQJGLVFVLPSURYHVIORZHTXDOLW\WKURXJKRXWD
GLVWULEXWLRQV\VWHPEXWUHTXLUHVGHWDLOHGHOHYDWLRQVXUYH\VDQGFRPSXWHUGHVLJQH[SHULHQFH
LQRUGHUWRGHWHUPLQHWKHDSSURSULDWH)5'VL]HV'HWHUPLQLQJLIDVLQJOHVL]HRI)5'FDQEH
XVHGWKURXJKRXWDQHQWLUHGLVWULEXWLRQV\VWHPWRHTXDOL]HIORZUDWHVZRXOGHQDEOH
FRPPXQLWLHVZLWKRXWWKHFDSDELOLW\WRFRQGXFWGHWDLOHGVXUYH\VRUXVHFRPSXWHUGHVLJQ
SURJUDPVWRHPSOR\)5'VLQWKHLUGLVWULEXWLRQV\VWHP



$GLVWULEXWLRQV\VWHPZLWKIORZUHGXFLQJGLVFVLVRSWLPL]HGZKHQERWKWKHSLSHVL]HVDQG
IORZUHGXFLQJGLVFVDUHGHVLJQHGDQGLQVWDOOHGIURPVFUDWFK2QFH)5'VDUHLQVWDOOHGWKH\
FDQQRWEHUHPRYHGZLWKRXWFXWWLQJWKHSLSHDURXQGWKHP,QVWDOOLQJDVLQJOHVL]HGIORZ
UHGXFLQJGLVFWKURXJKRXWDQHQWLUHV\VWHPFUHDWHVWUDQVSDUHQF\IRUWKHDVVHVVPHQWRIWKH
GLVWULEXWLRQV\VWHPDQGLQFUHDVHVWKHHDVHRIFRQQHFWLQJQHZKRXVHVWRWKHV\VWHPE\
UHTXLULQJLQYHQWRU\RIRQO\RQHVL]HRIGLVF
:KHQFKRRVLQJDVLQJOHVL]HRI)5'IRUDV\VWHPDVPDOOHURULILFHZLOODOZD\VUHGXFH
YDULDELOLW\LQIORZUDWHVIRXQGWKURXJKRXWWKHV\VWHPEXWFDQDOVRXQQHFHVVDULO\UHVWULFW
IORZV7KHREMHFWLYHLVWRFKRRVHD)5'VL]HWKDWHOLPLQDWHVLQVXIILFLHQWIORZVZKLOHNHHSLQJ
WKHDYHUDJHIORZUDWHDVKLJKDVSRVVLEOH
0HWKRGV
$IWHUFDOLEUDWLQJWKH1HDW:RUNPRGHOWRVLPXODWHPHDVXUHGIORZVPXOWLSOHVLPXODWLRQVZHUH
UXQRQDYDULHW\RIV\VWHPVWRGHWHUPLQHWKHVLQJOHVL]HRI)5'WKDWSURGXFHGWKHRSWLPXP
IORZHTXDOLW\WKURXJKRXWWKHHQWLUHV\VWHP7KLVGHWHUPLQDWLRQZDVPDGHE\HOLPLQDWLQJ
)5'VWKDWFUHDWHGIORZVRIOHVVWKDQJSPWRDQ\FRQQHFWLRQ,IWKHUHDUHPXOWLSOHVLQJOH
)5'VL]HVWKDWDFKLHYHWKLVIRUDJLYHQV\VWHPWKHV\VWHPZLWKWKHKLJKHVWDYHUDJHIORZUDWH
LVFKRVHQWRDYRLGXQQHFHVVDULO\FRQVWULFWLRQRIZDWHUVXSSO\

5HVXOWV 'LVFXVVLRQ
$VZDWHUHQWHUVWKHWDQNIURPWKHSXPSWKHV\VWHPUHVHWVWRDWPRVSKHULFSUHVVXUHVRWKH
WZRKDOYHVRIWKHV\VWHPSXPSLQJDQGGLVWULEXWLRQRSHUDWHLQGHSHQGHQWO\RIHDFKRWKHU
7KHUHVXOWVDUHVHSDUDWHGIRUWKHWZRV\VWHPV

6RODU3XPS7HVW$QDO\VLV
'XHWRLQFRPSOHWHGDWDVHWVIURPWKHSURMHFWORFDWLRQH[DPSOHGDWDIURP0LFKLJDQZDV
XVHGWRFDOFXODWHDOOYDOXHVDQGJUDSKVDVRXWOLQHGLQWKH6HFWLRQ
3XPSLQJWHVWVZHUHFRQGXFWHGDW*LHUNH%OXHEHUU\)DUPLQ&KDVVHOO0LFKLJDQLQWKHIDOORI
WRSURGXFHH[DPSOHGDWD7KHIDUPXWLOL]HVD*UXQGIRV64) %MHUULQJEUR
'HQPDUN VWDJHFHQWULIXJDOSXPSGLUHFWO\RIIRI:DWWVRIVRODUSDQHOV ;:LQ
VHULHV  7RZDUGV([FHOOHQFH7DL]KRX&KLQD 7KHSXPSLVVHWXSIRULUULJDWLRQEXWIRU
WHVWLQJSXUSRVHVIORZUDWHVZHUHPHDVXUHGDWWKHZHOOKHDG
6OLJKWO\GLIIHUHQWHTXLSPHQWZDVXVHGIRUGDWDFROOHFWLRQEHFDXVHRIWKHORFDWLRQRIWKH
WHVWLQJ
x +REROLQNZHDWKHUVWDWLRQVRODUWHPSHUDWXUHEDURPHWULFSUHVVXUH 'DWDDYDLODEOHDW
KWWSVZZZKREROLQNFRPSDDGDGDE  2QVHW
&RPSXWHU&RUSRUDWLRQ%RXUQH0$ 
x 6ROLQVW/HYHORJJHU0RGHO(GJH *HRUJHWRZQ2QWDULR&DQDGD 
x JDOORQEXFNHWDQGVWRSZDWFK
x 6ROLQVW:DWHU/HYHO6RXQGHU *HRUJHWRZQ2QWDULR&DQDGD 




)LJXUH6RODUSXPSLQJVHWXSDW*LHUNH%OXHEHUU\)DUP6HSWHPEHU

$VVWDWHGLQ6HFWLRQSXPSLQJUDWHVDUHKLJKO\GHSHQGHQWRQVRODULQWHQVLW\7KLVPHDQV
WKDWSXPSLQJWHVWVGRQRWDOZD\VPLPLFVWDQGDUGSXPSLQJWHVWVZLWKDFOHDUGUDZGRZQWR
HTXLOLEULXPDQGUHFRYHU\SHULRGHVSHFLDOO\GXULQJWLPHVRIYDU\LQJVRODULQWHQVLW\

6RODU3XPLQJ7HVWDW*LHUNH%OXHEHUU\)DUP
6HSWHPEHU

'HSWKWR:DWHU/HYHO P

$0


$0

30

7LPH
30

30

30













)LJXUH6RODUSXPSLQJGUDZGRZQQRWOLPLWHGE\VRODULQWHQVLW\DW*LHUNH%OXHEHUU\)DUP

)LJXUHLVDQH[DPSOHRIDVRODUSRZHUHGSXPSLQJWHVWWKDWLVQRWOLPLWHGE\WKHVRODU
LQWHQVLW\,QVWURQJVXQOLJKWFRQGLWLRQVWKHSXPSFDQUXQFRQVLVWHQWO\DWLWVKLJKHVWIORZ
UDWHDQGLVRQO\OLPLWHGE\WKHUHFKDUJHUDWHRIWKHZDWHUVRXUFHZKLFKGLFWDWHVWKHZDWHU
OHYHO




6RODU3XPLQJ7HVWDW*LHUNH%OXHEHUU\)DUP
2FWREHU
$0


$0

$0

7LPH
$0

30

30


'HSWKWR:/ P












)LJXUH3XPSLQJWHVWGXULQJYDULDEOHVXQOLJKWLQWHQVLW\DW*LHUNH%OXHEHUU\)DUP

)LJXUHVKRZVDSXPSLQJWHVWGXULQJDSHULRGRIVRODUYDULDQFHZKLFKLVFKDUDFWHUL]HGE\
IOXFWXDWLRQVLQWKHSXPSLQJUDWH7KHVHIOXFWXDWLRQVDUHYLVLEOHLQWKHGHSWKWRZDWHUOHYHO
$VWKHSXPSLQJUDWHEHFRPHVVORZHUWKDQWKHUHFKDUJHUDWHRIWKHDTXLIHUWKHZDWHUOHYHO
EHJLQVWRULVHVOLJKWO\DQGWKHQORZHUVDJDLQDVWKHVRODULUUDGLDQFHLQFUHDVHVDQGWKHSXPS
VSHHGVXS
6RODU3DQHO(IILFLHQF\
6RODULUUDGLDQFHYDOXHVZHUHFROOHFWHGXVLQJWKH6LOLFRQ3\UDQRPHWHU6PDUW6HQVRUIRUWKH
+2%2ZHDWKHUVWDWLRQORJJHU 2QVHW&RPSXWHU&RUSRUDWLRQ%RXUQH0$ 7KHVRODU
LUUDGLDQFHPHWHUZDVRULHQWHGGLUHFWO\YHUWLFDO
7DEOH:HDWKHUVWDWLRQVRODUGDWDIRUFDOFXODWLRQRIVRODUSDQHOHIILFLHQF\LQ&KDVVHOO0LFKLJDQRQ6HSWHPEHU


7LPH
6RODU5DGLDQFH :P 











$QH[DPSOHVRODUSDQHOHIILFLHQF\FDOFXODWLRQDWDPZKHUHWKHDUHDRIWKHVRODUSDQHOVLV
P
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7DEOH0HDVXUHGSRZHUGUDZIRUFDOFXODWLRQRIVRODUSDQHOHIILFLHQF\LQ&KDVVHOO0LFKLJDQRQ6HSWHPEHU


7LPH
9ROWV
$PSV
(QHUJ\3URGXFWLRQ :  3DQHO(IILFLHQF\  





































7KHVRODUSDQHOHIILFLHQFLHVPHDVXUHGLQ&KDVVHOOLQ6HSWHPEHUDUHFRQVLVWHQWZLWKWKH
H[SHFWHGUDQJHRIHIILFLHQF\
3XPS(IILFLHQF\
$QH[DPSOHFDOFXODWLRQDWSPZKHQWKHSXPSKDGUHDFKHGHTXLOLEULXPZKHUHWKH
IORZUDWHLV*30DQGWKH7'+LVIW
ܲݕ݂݂ܿ݊݁݅ܿ݅ܧ݉ݑሺΨሻ ൌ

ൌ
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7KLVSXPSHIILFLHQF\RILVVOLJKWO\ORZHUWKDQWKHSURMHFWHGSXPSHIILFLHQF\RI
RXWOLQHGE\/RUHQW]  









3XPS&XUYH9HULILFDWLRQ
)ORZUDWHVZHUHPHDVXUHGFRQFXUUHQWO\ZLWKWKHSRZHULQSXWWRWKHSXPSLQJV\VWHPDQG
FRPSDUHGWRWKHPDQXIDFWXUHUSURYLGHGSXPSFXUYHIRUWKHDSSURSULDWHKHDGLQWKHV\VWHP
DVVKRZQLQ)LJXUH

*UXQGIRV64)3HUIRUPDQFH&XUYH


)ORZ *30




0DQXIDFWXUHU



0HDVXUHG 'LUHFW6XQOLJKW
0HDVXUHG 9DULDEOH
6XQOLJKW











3RZHU :








)LJXUH3XPSFXUYHFRPSDULVRQZLWKPHDVXUHGGDWD3DUWLDOO\UHFUHDWHGIURP *UXQGIRV3XPSV&RUSRUDWLRQ
 

'XULQJGD\VRIYDULDEOHVRODULUUDGLDWLRQWKHV\VWHPZDVDOORZHGWRILUVWVWDELOL]HWRFROOHFW
UHOLDEOHPHDVXUHPHQWV7KHSRLQWVFROOHFWHGDIWHUVWDELOL]DWLRQDQGWKRVHFROOHFWHGRQD
GLUHFWVXQOLJKWGD\VKRZDVWURQJFRUUHODWLRQWRWKHPDQXIDFWXUHUSURYLGHGSXPSFXUYHIRU
WKHDSSURSULDWHOLIWRIIHHW

0RGHVRI)DLOXUHRI6RODU3XPSLQJ6\VWHPV
7KHUHDUHVHYHUDOZD\VWKDWVRODUSXPSLQJV\VWHPVIDLOERWKLQFRQGLWLRQVIRXQGLQ&KDVVHOO
0LFKLJDQDQGLQWKHUXUDOFRPPXQLWLHVXWLOL]LQJVRODUSXPSVLQ3DQDPD,WLVLPSRUWDQWWR
LGHQWLI\WKHSUHYHQWDEOHIDLOXUHSDWKZD\VLQRUGHUWRDYRLGWKHPRUUHVROYHDSUREOHPLQWKH
IXWXUH
6HDVRQDODQGWHPSRUDOYDULDWLRQVLQVRODULUUDGLDQFH7KHXVHRIDVWRUDJHWDQNFDQKHOS
WRVDYHH[WUDZDWHUGXULQJWLPHRIKLJKVRODULUUDGLDQFHIRUXVHZKHQLQVXIILFLHQWVXQOLJKWLV
DYDLODEOH6RPHVRODUSXPSVFDQEHILWZLWKDVSHFLDOFRQWUROOHUVXFKDVWKH/RUHQW]3RZHU
3DFNWKDWDOORZVDGLHVHOJHQHUDWRUWREHFRQQHFWHGWRWKHV\VWHPWRVXSSOHPHQWSRZHU
ZKHQQHHGHG
,QDGHTXDWHILQDQFLDOVXSSRUWDQGPDLQWHQDQFH(GXFDWLRQLVUHTXLUHGWRH[SODLQWKH
LPSRUWDQFHRIILQDQFLDOVDYLQJVIRUIXWXUHUHSDLUVDQGUHSODFHPHQWVDVZHOODVIRUJHQHUDO



PDLQWHQDQFHRIWKHV\VWHP1RWGRLQJVRFDQOHDYHDFRPPXQLW\ZLWKRXWWKHDELOLW\WR
UHSODFHFRPSRQHQWVRIWKHLUV\VWHPDVWKH\DJHRUUHTXLUHXQSODQQHGUHSODFHPHQW
6HGLPHQWDWLRQ6HGLPHQWVSUHVHQWLQWKHZHOOFDQDFFXPXODWHREVWUXFWIORZDQGVWRSWKH
SXPS'HWHUPLQLQJWKHVL]HRISDUWLFOHVSUHVHQWLQWKHZDWHUVRXUFHDQGLPSOHPHQWLQJDQ
DSSURSULDWHO\VL]HGZHOOVFUHHQRUVFUHHQHGSXPSFRYHULQSODFHFDQSUHYHQWSXPSIDLOXUH
GXHWRVHGLPHQWV)UHHVHGLPHQWVFDQDOVREHPLWLJDWHGE\OLQLQJWKHZDOOVDQGIORRURIWKH
ZHOOZLWKEULFNVRUURFNVWRUHGXFHWKHDPRXQWRIVHGLPHQWWKDWHQWHUVWKHZDWHU
/RZZDWHUVKXWRIIRUODFNRIZDWHU'HILQLQJWKHVWRUDJHZLWKLQWKHZHOODQGWKHUHFKDUJH
UDWHE\FRQGXFWLQJDSXPSLQJWHVWZLOOGHWHUPLQHLIWKHUHLVHQRXJKDYDLODEOHZDWHUWRPHHW
WKHFRPPXQLW\ VQHHGVDQGVXSSRUWWKHGHVLUHGSXPS
6\VWHPYDQGDOLVPRUGDPDJH%XLOGLQJDIHQFHDURXQGWKHV\VWHPRULQVWDOOLQJWKHV\VWHP
LQDZHOOSRSXODWHGDUHDFDQUHGXFHWKHULVNRIWKHIWRUYDQGDOLVPHVSHFLDOO\LQUXUDO
FRPPXQLWLHV6RODUSDQHOVDUHFRQVWUXFWHGZLWKDJODVVOD\HURYHUWKHSKRWRYROWDLFFHOOVWKDW
FDQEHHDVLO\EURNHQE\IDOOLQJWUHHEUDQFKHVRUGHEULV

1HDW:RUN0RGHO&DOLEUDWLRQ
)ORZUDWHVPHDVXUHGDWWKHVWXG\VLWHZHUHFRPSDUHGWRWKRVHSURGXFHGE\UXQQLQJ
LQGLYLGXDOIDXFHWVLPXODWLRQVLQ1HDW:RUNLQRUGHUWRGHWHUPLQHWKHRULILFHFRHIILFLHQW ƨ 
WKDWPRVWFORVHO\UHSURGXFHVWKHPHDVXUHGIORZUDWHV7KLVFRHIILFLHQWYDOXHLVWKHQXVHGIRU
WKHIRUZDUGPRGHOLQJUHODWHGWRVLQJOHVL]HG)5'VSUHVHQWHGLQWKHIROORZLQJVHFWLRQ
(UURULQ0HDVXUHPHQWV
(UURULQIORZUDWHPHDVXUHPHQWVZDVGHWHUPLQHGWREHEDVHGRQHUURULQWKHXVHRIWKH
VWRSZDWFKWRUHFRUGWKHWLPHWRILOODJDOORQEXFNHWDQGWKHQDOVRHUURULQGHWHUPLQLQJDW
ZKDWSRLQWWKHEXFNHWLVIXOO
ͲǤͷ݄݅݊ܿ݊݅ݐܽ݅ݎܽݒ
ൌ ͵ǤͶͷΨ݁ݎݎݎ
ͳͶǤͷ݄݂݄݅݊ܿ݁ݐ݈݁݀ܽݐݐݏͷ െ ݈݈݃ܽݐ݁݇ܿݑܾ݊
ͳ݊݅ݐܽ݅ݎܽݒ݀݊ܿ݁ݏ
ൌ ͳǤͳͳΨ݁ݎݎݎ
ͻͲ݀݁ݎݑݏܽ݁݉݁݉݅ݐ݁݃ܽݎ݁ݒܽݏ݀݊ܿ݁ݏ
ܳൌ
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ൌ
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 ͳ ݐെ ͳǤͳͳΨ
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&DOLEUDWLRQRIRULILFHFRHIILFLHQWLQ1HDW:RUN
1HDW:RUNXVHVWKHIROORZLQJHTXDWLRQWRFDOFXODWHWKHKHDGORVVFUHDWHGE\RULILFHSODWHV
$JXD3DUDOD9LGD 
ܳଶ
߲݄ ൌ െߠ ସ 
݀



ZKHUHሺ߲݄ሻLVWKHKHDGORVVDFURVVWKHRULILFHLQPHWHUV4LVWKHIORZUDWHLQPVDQGGLV
WKHGLDPHWHURIWKHRULILFHLQPHWHUV
7KHSURJUDP VGHIDXOWZDVVHWWR'U*LOOHV&RURFRVRI$JXDSDUDOD9LGDDFUHDWRURI
WKHSURJUDPVDLGLQDQHPDLOWKDWWKHLUPRVWDFFXUDWHDVVXPSWLRQIRUWKHWDLVEDVHGRQ
WHVWVGRQHRQRULILFHVZLWKJXDUDQWHHGGLDPHWHUV ZLWKLQPLFURQV  &RUFRV %RWK
RIWKHVHWKHWDYDOXHV DQG ZHUHXVHGWRPRGHOIORZUDWHVWRFRPSDUHWRPHDVXUHG
GDWD$UDQJHRIWKHWDYDOXHVZHUHDOVRPRGHOHGWRGHWHUPLQHLIWKHUHZDVDFRHIILFLHQWWKDW
PRUHFORVHO\PDWFKHGPHDVXUHGYDOXHV
7KHURRWPHDQVTXDUHHUURU 506( ZDVFDOFXODWHGWRGHWHUPLQHWKHEHVWFRUUHODWLRQ
EHWZHHQPHDVXUHGDQGPRGHOHGGDWDVHWVWRGHWHUPLQHWKHPRVWDFFXUDWHYDOXHIRUWKHWDLQ
WKHRULILFHKHDGORVVHTXDWLRQ7KH506(ZDVFDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ
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ୀଵ


7DEOH'HWHUPLQDWLRQRIWKHRSWLPXP1HDW:RUNRULILFHORVVFRHIILFLHQW ƨ 



506(
JSP 


$YHUDJH)ORZ
JSP 






































&RHIILFLHQW ƨ 


%DVHGRQWKHDQDO\VLVRIPRGHOHGYHUVXVPHDVXUHGIORZUDWHVXVLQJDƨRILQWKHPRGHO
PRVWDFFXUDWHO\UHSURGXFHVWKHIORZUDWHVPHDVXUHGLQWKHILHOG7KLVYDOXHPD\EHKLJKHU
WKDQWKRVHVXJJHVWHGE\WKHSURJUDPGHVLJQHUVEHFDXVHRILUUHJXODULWLHVLQWKHPDQXIDFWXUH
RIWKHGLVFV
*RRGQHVVRI)LW
*RRGQHVVRIILWZDVXVHGWRFRPSDUHPRGHOHGIORZUDWHVWRWKRVHPHDVXUHGLQWKHILHOGWR
GHWHUPLQHLIWKH1HDW:RUNPRGHOSURGXFHVUHSURGXFLEOHUHVXOWV$VVKRZQEHORZLQ)LJXUH
PRGHOLQJIORZUDWHVXVLQJƨ SURGXFHGDQLPSURYHGFRUUHODWLRQZLWKWKHPHDVXUHG
GDWDDVFRPSDUHGWRWKHGHIDXOWRIƨ 



&RPSDULVRQRI 0RGHOHGDQG0HDVXUHG)5')ORZ5DWHV
,QGLYLGXDOIDXFHWVRSHQIRUƨ DQG



40HDVXUHG JDOPLQ




)LW/LQH



















40RGHOHG JDOPLQ






)LJXUH&RPSDULVRQRI1HDW:RUNPRGHOHGIORZUDWHVXVLQJDQRULILFHFRHIILFLHQWRIDQGWRWKRVH
PHDVXUHGLQ*XD\DER3DQDPD

0XOWLSOH6SLJRWV2SHQDW2QFH
)ULFWLRQDOORVVHVWRDJLYHQWDSFDQEHFDOFXODWHGXVLQJZDWHUYHORFLW\SLSHVL]HGLVWDQFHDQG
HOHYDWLRQFKDQJHV7KHVHFDOFXODWLRQVGRQRWWDNHLQWRDFFRXQWKRZDV\VWHPIXQFWLRQV
ZKHQPXOWLSOHVSLJRWVDUHRSHQDWWKHVDPHWLPHZKLFKLVDPRUHUHDOLVWLFUHSUHVHQWDWLRQRI
WKHFRQGLWLRQVXQGHUZKLFKDV\VWHPZLOOEHH[SHFWHGWRSHUIRUP
6LPXODWLRQVSURMHFWLQJVLPXOWDQHRXVIORZUDWHVDWWKUHHGLIIHUHQWWDSVZHUHFRQGXFWHGWR
PDWFKPHDVXUHPHQWVFROOHFWHGLQWKHILHOG7KHVLPXODWLRQVZHUHFRQGXFWHGXVLQJRULILFH
FRHIILFLHQWVRIƨ WKHPDQXIDFWXUHUGHIDXOWDQGƨ WKHFDOLEUDWHGFRHIILFLHQW
GHWHUPLQHGE\FRPSDULQJPRGHOHGYHUVXVPHDVXUHGIORZUDWHV7KHUHVXOWVIURPDOOIRXU
VLPXODWLRQVDUHFRPELQHGEHORZLQ)LJXUH




0XOWLSOH2SHQ6SLJRWV

0RGHOHG)ORZ5DWH JSP





'HIDXOW
FRHIILFLHQW




&DOLEUDWHG
FRHIILFLHQW




)LW/LQH








0HDVXUHG)ORZ5DWH JSP





)LJXUH&RPSDULVRQRI0RGHOHGDQG0HDVXUHG)ORZ5DWHVZLWK0XOWLSOH2SHQ6SLJRWV


7KHFRHIILFLHQWRIYDULDWLRQEHWZHHQPRGHOHGDQGPHDVXUHGIORZUDWHVLPSURYHVZKHQXVLQJ
DWKHWDYDOXHRIZKLFKIXUWKHUYHULILHVLWVYDOLGLW\DVWKHRSWLPXPRULILFHFRHIILFLHQWIRU
WKHXVHRIWKHVHVSHFLILFKRPHPDGH)5'VLQWKH1HDW:RUNPRGHO

8VHRID6LQJOH6L]HG)ORZ5HGXFLQJ'LVF
6LPXODWLRQVZHUHUXQWRGHWHUPLQHLIDVLQJOHVL]HG)5'FDQEHUHFRPPHQGHGIRUD
FRPPXQLW\EDVHGRQWKHQXPEHURIFRQQHFWLRQVDQGWKHHOHYDWLRQGLIIHUHQFHWKURXJKRXWWKH
V\VWHP7KLVZRXOGHOLPLQDWHWKHQHFHVVLW\RIFRPPXQLWLHVKDYLQJDFFHVVWRGHWDLOHGVXUYH\
GDWDRIWKHLUV\VWHPDQGGLVWULEXWLRQV\VWHPGHVLJQVRIWZDUHLQRUGHUWRLPSURYHWKHLUV\VWHP
IXQFWLRQZLWKIORZUHGXFLQJGLVFV7KHLQVWDOODWLRQRIVPDOOHUGLDPHWHUGLVFVZLOOSURGXFH
PRUHXQLIRUPIORZVWKURXJKRXWDV\VWHPEXWLWZLOODOVRXQQHFHVVDULO\UHVWULFWIORZWR
KRPHV$QRULILFHGLDPHWHUWKDWLVWRRODUJHZLOOQRWGRHQRXJKWRIL[IORZLQHTXDOLWLHV
(DFKGDWDVHWZDVVLPXODWHGXVLQJWKHLGHDOYDULHW\RI)5'VLQVWDOOHGQR)5'VLQVWDOOHG
)5'DWDOOFRQQHFWLRQV)5'DWDOOFRQQHFWLRQVDQG)5'DWDOO
FRQQHFWLRQV7KHDYHUDJHIORZUDWHDWHDFKRIWKHVSLJRWVZDVFRPSDUHGWRGHWHUPLQHWKH
YDULDELOLW\ZLWKLQWKHV\VWHPDQGWRLGHQWLI\FRQQHFWLRQVWKDWGLGQRWUHFHLYHVXIILFLHQW
VXSSO\$QH[DPSOHVHWRIRXWSXWGDWDIURP1HDW:RUNVLPXODWLRQVIRUWKHFRPPXQLW\RI
/LPRQLVIRXQGLQ$SSHQGL[&




)UHTXHQF\RI $YHUDJH)ORZ5DWHVLQ/LPRQ


)UHTXHQF\




,GHDO)5'



1R)5'



DOO












)ORZ5DWH JSP






)LJXUH)UHTXHQF\RIDYHUDJHIORZUDWHVLQWKHFRPPXQLW\RI/LPRQDVPRGHOHGLQ1HDW:RUNZLWKYDU\LQJ
VHOHFWLRQVRIIORZUHGXFLQJGLVFV

)LJXUHVKRZVWKHGLVWULEXWLRQRIDYHUDJHIORZUDWHVIRUHDFKRIWKHVSLJRWVLQWKH
FRPPXQLW\RI/LPRQXQGHUWKHFRQGLWLRQVRILGHDO)5'VQR)5'VDQGWKHRSWLPXP
VLQJOHVL]HG)5'IRUWKLVJLYHQV\VWHPDRULILFH:LWKRXWIORZUHGXFLQJGLVFVWKHUH
DUHXVHUVZKRUHFHLYHDQ\ZKHUHEHWZHHQJSPWRJSPIURPWKHLUVSLJRWV:KHQWKH
LGHDO)5'VDUHLQVWDOOHGWKHPDMRULW\RIXVHUVUHFHLYHDQDYHUDJHIORZUDWHRIJSPDQGQR
RQHUHFHLYHVOHVVWKDQJSP:KHQDVLQJOHVL]HG)5'LVLQVWDOOHGWKHYDULDELOLW\LQWKH
V\VWHPLVUHGXFHGHOLPLQDWLQJH[WUHPHKLJKDQGORZIORZUDWHVZKLOHNHHSLQJWKHDYHUDJH
IORZUDWHDURXQGJSP5HVXOWVIRUDOORIWKHV\VWHPVDUHSUHVHQWHGLQ7DEOH
7DEOH$QDO\VLVRILGHDOVLQJOHVL]HGIORZUHGXFLQJGLVFRQDYDULHW\RIZDWHUV\VWHPV

6\VWHP
*XD\DER
/LPRQ
&HUUR
&HQL]D
6DQ-XDQLWR

0RVW,GHDO
6LQJOH)5'
VL]H





&RHIILFLHQW
RI9DULDWLRQ
EHWZHHQDOO
)ORZ5DWHV





$YHUDJH
$YHUDJH
)ORZ
HOHYDWLRQEHORZ 1XPEHURI
JSP 
WDQN P 
&RQQHFWLRQV
















7KHUHLVDVWURQJFRUUHODWLRQEHWZHHQWKHDYHUDJHHOHYDWLRQWKURXJKRXWDZDWHUV\VWHPDQG
WKHLGHDOVLQJOHVL]HG)5'DVWKHHOHYDWLRQFKDQJHLQFUHDVHVWKHRULILFHVL]HGHFUHDVHV
7RGHWHUPLQHWKHVHQVLWLYLW\RIWKHVL]HRI)5'RQWKHHOHYDWLRQDQGGLVWDQFHZLWKLQD
V\VWHPWKHHOHYDWLRQSURILOHIRUDVLQJOHV\VWHPZDVPDQLSXODWHGE\LQFUHDVLQJDQG
GHFUHDVLQJWKHHOHYDWLRQVDQGGLVWDQFHVE\DYDU\LQJSHUFHQWDJHDVVKRZQLQ7DEOH



7DEOH'HWHUPLQDWLRQRILGHDOVLQJOHVL]H)5'EDVHGRQHOHYDWLRQYDULDWLRQVRQDVLQJOHFRPPXQLW\

6\VWHP

2ULJLQDO



0RVW,GHDO
6LQJOH)5'
VL]H





&RHIILFLHQW
RI9DULDWLRQ





$YHUDJH
$YHUDJH
)ORZ
HOHYDWLRQEHORZ
JSP 
WDQN P 










7KHUHVXOWVSURGXFHGIURPWKHDVVHVVPHQWRIWKHVWUHWFKHGV\VWHPVKRZWKDWWKHVL]HRI
IORZUHGXFLQJGLVFLVFRQVWDQWZLWKLQPLQLPDOYDULDWLRQVLQHOHYDWLRQ7KLVSURYHVSURPLVLQJ
IRUWKHDSSOLFDWLRQRIDVLQJOHVL]H)5'LQVLWXDWLRQVZKHUHKLJKO\DFFXUDWHVXUYH\GDWDLVQRW
DYDLODEOH

)XWXUH:RUN
)XWXUHZRUNVKRXOGIRFXVRQFROOHFWLQJDQGDQDO\]LQJPRUHSRVWFRQVWUXFWLRQIORZUDWHVHWV
WRGHWHUPLQHLIWKHIORZVSUHGLFWHGE\1HDW:RUNFRQWLQXHWREHPRGHOHGDFFXUDWHO\RQD
ZLGHYDULHW\RIV\VWHPV
)ORZUHGXFHUVFDQSURYLGHPXFKQHHGHGUHJXODWLRQRIIORZUDWHVWRFRPPXQLWLHVORFDWHGLQ
PRXQWDLQRXVWHUUDLQVDWDIUDFWLRQRIWKHFRVWRIRWKHUWHFKQRORJLHV7KH\DUHFKHDSDQG
VLPSOHWRLQVWDOOEXWIXUWKHUUHVHDUFKVKRXOGEHGRQHWRGHWHUPLQHWKHDSSURSULDWHQHVVRI
LQVWDOOLQJDVLQJOHVL]HGIORZUHGXFHUWKURXJKRXWDJLYHQV\VWHPHVSHFLDOO\ORRNLQJDWFKDQJHV
ZLWKYDU\LQJQXPEHUVRIKRXVHVFRQQHFWHGWRWKHV\VWHP3UHOLPLQDU\GDWDVKRZVWKDWWKLV
KDVSRWHQWLDOWREHDQHIIHFWLYHVROXWLRQZKHQGHWDLOHGFRPPXQLW\WHUUDLQVXUYH\VDQGLQ
GHSWKZDWHUV\VWHPGHVLJQDUHQRWYLDEOHRSWLRQV
&RPPXQLW\VXUYH\VVKRXOGDOVREHFRQGXFWHGWRGHWHUPLQHWKHEDUULHUVWRDFFHSWDQFHRI
IORZUHGXFLQJGLVFVDQGHYDOXDWHWKHFRPPXQLW\SHUFHSWLRQRIWKHGLVFVEHIRUHDQGDIWHU
LQVWDOODWLRQ
)DLOXUHPHFKDQLVPVRIVRODUSXPSLQJV\VWHPVVKRXOGEHLQYHVWLJDWHGWRLQFUHDVHWKHVXFFHVV
DQGOLIHRIWKHVHV\VWHPV0DLQWHQDQFHDQGWURXEOHVKRRWLQJPDQXDOVVKRXOGEHGHYHORSHGWR
LPSURYHV\VWHPOLIHVSDQ

&RQFOXVLRQV
$VFRXQWULHVDOORYHUWKHZRUOGIRFXVRQSURYLGLQJDFFHVVWRFOHDQGULQNLQJZDWHUWRDOORI
WKHLUFLWL]HQVHIIRUWVQHHGWREHPDGHWRLQYHVWLJDWHRSWLRQVWKDWDUHWKHPRVWHIILFLHQWLQ
ORZUHVRXUFHVHWWLQJVGHVLJQVWKDWDUHERWKIXQFWLRQDODQGHDV\WRPDLQWDLQ$VZLWKDOO
SURMHFWVWKHPRVWLPSRUWDQWVWHSVWRLPSOHPHQWDWLRQDUHFRPPXQLW\DFFHSWDQFHDQG
HGXFDWLRQZKLFKVKRXOGEHFHQWUDOWKHPHVWKURXJKRXWWKHSODQQLQJFRQVWUXFWLRQDQG
PDLQWHQDQFHSKDVHVRIDSURMHFW



8QGHUGLUHFWVXQOLJKWFRQGLWLRQVVRODUSRZHUHGSXPSVFDQEHH[SHFWHGWRSHUIRUPDV
RXWOLQHGE\WKHPDQXIDFWXUHUHYHQDWGLIIHUHQWODWLWXGHV7KHYDULDELOLW\RIVXQOLJKWLQWHQVLW\
ZLOOEHWKHODUJHVWDIIHFWLQJIDFWRUIRUWKHSHUIRUPDQFHRIWKHSXPSDQGVKRXOGEH
FRQVLGHUHGZKHQVHOHFWLQJFRPSRQHQWVIRUDV\VWHP7KHDGGLWLRQRIH[WUDVRODUSDQHOVWR
WKHVRODUDUUD\LVWKHPRVWFRVWHIIHFWLYHZD\WRLQFUHDVHSURGXFWLRQ$VWRUDJHV\VWHP
SUHIHUDEO\DWDQNEXWDOVRDEDWWHU\ZLOOEHLQWHJUDOWRSURYLGLQJZDWHUGXULQJSHDNGHPDQG
KRXUV
7KH1HDW:RUNPRGHOZDVFDOLEUDWHGWRPHDVXUHGIORZUDWHVIRULQGLYLGXDOO\RSHQHGVSLJRWV
DVZHOODVIRUPXOWLSOHVSLJRWVRSHQDWWKHVDPHWLPH7KHPRGHOSURGXFHGWKHEHVW
FRUUHVSRQGLQJUHVXOWVZKHQFKDQJLQJWKHRULILFHFRHIILFLHQW ƨ IURPWRWR
DFFRPPRGDWHIRUYDULDWLRQVLQ)5'SURGXFWLRQDQGFKDUDFWHULVWLFV7KLVYDOXHVKRXOGEH
XVHGIRUWKHGHVLJQRIZDWHUV\VWHPVLQ1HDW:RUNZLWKKRPHPDGH39&IORZUHGXFLQJGLVFV
WRDFKLHYHWKHPRVWDFFXUDWHUHVXOWV
)ORZUHGXFLQJGLVFVDUHDQHIIHFWLYHDQGDIIRUGDEOHWHFKQRORJ\WRLPSURYHZDWHUV\VWHP
SHUIRUPDQFHDQGIORZHTXDOLW\LQVPDOOVFDOHEUDQFKLQJZDWHUGLVWULEXWLRQV\VWHPV7KHXVH
RIDVLQJOHVL]HIORZUHGXFLQJGLVFLIFKRVHQSURSHUO\FDQUHGXFHFRPPXQLW\ZLGHIORZUDWH
YDULDELOLW\ZLWKRXWXQQHFHVVDULO\UHVWULFWLQJZDWHUVXSSO\2SWLPXPVLQJOHVL]HGIORZ
UHGXFLQJGLVFVVKRZDVWURQJFRUUHODWLRQWRWKHDYHUDJHHOHYDWLRQFKDQJHWKURXJKRXWD
GLVWULEXWLRQV\VWHPUHTXLULQJVPDOOHURULILFHVL]HVIRUODUJHUHOHYDWLRQFKDQJHV
%RWKRIWKHVHWHFKQRORJLHVSURYLGHVROXWLRQVWRZDWHUVXSSO\LVVXHVQRWQRUPDOO\DGGUHVVHG
E\FRQYHQWLRQDOZDWHUVXSSO\V\VWHPV,IXVHGFRUUHFWO\WKH\FDQKHOSWRSURYLGHDQ
DSSURSULDWHHTXLWDEOHDQGUHOLDEOHZDWHUVXSSO\LQUHPRWHPRXQWDLQRXVDUHDV








5HIHUHQFHV


$JXD3DUDOD9LGD  1HDW:RUN$XVHUJXLGH
%DUWUDP-%URFNOHKXUVW&)LVKHU0%/X\HQGLMN5+RVVDLQ5:DUGODZ7 
*RUGRQ%  *OREDO0RQLWRULQJRI:DWHU6XSSO\DQG6DQLWDWLRQ+LVWRU\
0HWKRGVDQG)XWXUH&KDOOHQJHV,QWHUQDWLRQDO-RXUQDORI(QYLURQPHQWDO5HVHDUFKDQG3XEOLF
+HDOWK  
%D]LOLDQ02Q\HML,/LHEUHLFK00DF*LOO,&KDVH-6KDK-=KHQJURQJ6
 5HFRQVLGHULQJWKHHFRQRPLFVRISKRWRYROWDLFSRZHU5HQHZDEOH(QHUJ\
GRLKWWSG[GRLRUJMUHQHQH
%LRPDVV8VHUV1HWZRUN  0DQXDOHVVREUHHQHUJtDUHQRYDEOH6RODU)RWRYROWDLFD6DQ
-RVp&RVWD5LFD
&KDQGDSLOODL-6XGKHHU.3 6DVHHQGUDQ6  'HVLJQRI:DWHU'LVWULEXWLRQ
1HWZRUNIRU(TXLWDEOH6XSSO\:DWHU5HVRXUFHV0DQDJHPHQW  GRL
KWWSG[GRLRUJV[
&RUFRV*  >1HDW:RUN2ULILFH3ODWH5HVRXUFHV@
'D\VWDU,QF  'D\VWDU7HVWHTXLSPHQWIRUSKRWRYROWDLFV\VWHPV5HWULHYHG
1RYHPEHUIURPKWWSZZZGD\VWDUSYFRPLQGH[KWPO
*RELHUQR1DFLRQDO5HS~EOLFDGH3DQDPi)SH/GO2  *XtD0HWRGROyJLFDHQ
DVSHFWRVMXUtGLFRVDGPLQLVWUDWLYRVWpFQLFRV\DPELHQWDOHVMXQWDVDGPLQLVWUDGRUDVGH
DFXHGXFWRVUXUDOHV
*RYHUQPHQWRI$OEHUWD  0DNLQJDQG8VLQJDQ(OHFWULF6RXQGHUWR0RQLWRU:DWHU:HOOV
$JULFXOWXUHDQG5XUDO'HYHORSPHQW5HWULHYHGIURP
KWWSZZZDJULFJRYDEFDGHSDUWPHQWGHSWGRFVQVIDOOHQJILOHHOHFWULFB
VRXQGHUBWRBPRQLWRUZDWHUBZHOOVSGI"2SHQ(OHPHQW
/25(17=  363636366RODU:DWHU3XPS6\VWHPV0DQXDOIRU
,QVWDOODWLRQ2SHUDWLRQ0DLQWHQDQFH
0LKHOFLF-5)U\/00\UH($3KLOOLSV/'%DUNGROO%' &DUWHU-  
)LHOG*XLGHWR(QYLURQPHQWDO(QJLQHHULQJIRU'HYHORSPHQW:RUNHUV:DWHU6DQLWDWLRQDQG
,QGRRU$LU$PHULFDQ6RFLHW\RI&LYLO(QJLQHHUV
1DWLRQDO5HQHZDEOH(QHUJ\/DERUDWRU\  %HVW5HVHDUFK&HOO(IILFLHQF\,Q
HIILFLHQF\BFKDUWMSJ (G *ROGHQ&2
2ILFLQDGH1DFLRQHV8QLGRVGH3DQDPD  (UUDGLFDUODSREUH]DH[WUHPD\HOKDPEUH
IURPKWWSZZZRQXRUJSDREMHWLYRVGHVDUUROORPLOHQLR2'0HUUDGLFDU
SREUH]DH[WUHPDKDPEUH
5RVVPDQ/$  (3$1(78VHUV0DQXDO
6X]XNL5  3RVW3URMHFW$VVHVVPHQWDQG)ROORZ8S6XSSRUWIRU&RPPXQLW\0DQDJHG5XUDO
:DWHU6\VWHPVLQ3DQDPD 0DVWHUVRI6FLHQFH 0LFKLJDQ7HFKQRORJLFDO8QLYHUVLW\
:RUOG+HDOWK2UJDQL]DWLRQDQG8QLWHG1DWLRQV&KLOGUHQ V)XQG  3URJUHVVRQ
'ULQNLQJ:DWHUDQG6DQLWDWLRQ8SGDWH*HQHYD6ZLW]HUODQGDQG1HZ<RUN
1<86$









$SSHQGL[$&RQVWUXFWLRQRID:DWHU/HYHO6RXQGHU
:DWHUOHYHOVRXQGHUVDUHXVHGWRDFFXUDWHO\PHDVXUHWKHGHSWKWRZDWHULQDZHOO7KLV
LQIRUPDWLRQFDQEHXVHGWRPRQLWRUVHDVRQDOFKDQJHVLQZDWHUOHYHOVRUWRPRQLWRUKRZ
ZDWHUOHYHOVFKDQJHGXULQJDSXPSLQJWHVWWRGHWHUPLQHWKHUHFKDUJHUDWHRIDQDTXLIHU
&RPPHUFLDOZDWHUOHYHOVRXQGHUVFDQEHSXUFKDVHGIURPFRPSDQLHVOLNH6ROLQVWDQG*OREDO
:DWHUEXWWKH\FRVWLQXSZDUGVRI86DQGFDQDOVREHKDUGWRHYHQSXUFKDVHLQFHUWDLQ
FRXQWULHV7KLVVRXQGHUFDQEHFRQVWUXFWHGXVLQJLWHPVDYDLODEOHDWDQHOHFWURQLFVVWRUHRU
UHF\FOHGIURPROGHOHFWURQLFVIRUDERXW86

7KHVRXQGHUFRQVLVWVRIDZLUHDVLJQDOLQJGHYLFHDQGDPHDVXULQJWDSH7KHVLJQDOGHYLFHLV
FRQQHFWHGWRDQRSHQFLUFXLWZLUHDQGGURSSHGGRZQWKHZHOO:KHQWKHHQGRIWKHVRXQGHU
UHDFKHVWKHZDWHUWKHFLUFXLWLVFRQQHFWHGEHWZHHQWKHWZRVHSDUDWHGHQGVRIWKHZLUH7KH
EX]]HUJRHVRIIDQGWKHGHSWKWRZDWHUFDQEHUHDGRQWKHPHDVXULQJWDSHWKDWDFFRPSDQLHV
WKHZLUH'XHWRWHFKQLFDOLVVXHVWKHVRXQGHUXVHGIRUWKLVUHVHDUFKKDGWREHPRGLILHGWR
FUHDWHDVWURQJHUFRQQHFWLRQEHWZHHQWKHWZRRSHQZLUHV$ZRRGHQEORFNRQDKLQJHZDV
DWWDFKHGWRWKHZHLJKWVRWKDWZKHQWKHZRRGKLWWKHZDWHULWZRXOGIORDWXSDQGWKHPHWDO
KLQJHZRXOGFRQQHFWWKHFLUFXLWEHWZHHQWKHWZRZLUHVFDXVLQJWKHVLUHQWRJRRII
0DWHULDOV
x 6LJQDOLQJGHYLFH3LH]RVLUHQRUOLJKWWRVLJQDOFLUFXLWFRQQHFWLRQ
x &DEOHIHHW RUDSSURSULDWHWRZHOOGHSWK RIGRXEOHZLUHRUVSHDNHUZLUH
x (QHUJ\VRXUFH9EDWWHU\FOLSDQG9EDWWHU\\RXFDQDOVRFRQQHFWWZREDWWHULHV
LQVHULHV
x 0HDVXULQJ7DSHIWILEHUJODVVWDSHPHDVXUH
x &DEOHUHHO





)LJXUH+RPHPDGHZDWHUOHYHOVRXQGHUZLWKGHWDLORIWKHFLUFXLWFRQQHFWLRQ


$GGLWLRQDOUHVRXUFHVFDQEHREWDLQHGIURP
x *RYHUQPHQWRI$OEHUWD&DQDGD$JULFXOWXUH)RRGDQG5XUDO'HYHORSPHQW
'HSDUWPHQW KWWSZZZDTXDOOLDQFHQHWZS
FRQWHQWXSORDGVZHOOBVRXQGHUSGI 
x 8QLYHUVLW\RI)ORULGD)ORULGD&RRSHUDWLYH([WHQVLRQ2IILFH
KWWSLQIRKRXVHSULFRUJUHISGI 





$SSHQGL[%)DEULFDWLRQRI)ORZ5HGXFLQJ'LVFV
)ORZUHGXFLQJGLVFVFDQEHHDVLO\DQGFKHDSO\IDEULFDWHGZLWKORFDOO\DYDLODEOHPDWHULDOVLQ
PRVWUXUDOVHWWLQJV7KHUPRIRUPLQJXVLQJFRRNLQJRLOLVRIWHQXVHGWRPDNHQHZ39&
FRQQHFWLRQVUHGXFWLRQVDQGHQGFDSV7KLVSURFHVVZKLFKXVHGKHDWHGFRRNLQJRLO
LPSURYHVXSRQKHDWLQJ39&SLSHVRYHUDIODPHZKLFKOHDYHVWKHDIIHFWHGDUHDVEULWWOHDQG
PLVVKDSHQ7KHVDPHWHFKQLTXHFDQEHDGDSWHGWRIODWWHQ39&WXELQJLQWRVKHHWVWRFXW
IORZUHGXFLQJGLVFVRXWRI
0DWHULDOV
x FRRNLQJRLO
x HPSW\WLQFDQODUJHUWKDQ
GLDPHWHU
x VWRYHRUIODPH
x ODUJHGLDPHWHU39&SLSH  
x KDFNVDZEODGH

x
x
x
x
x

KDQGGULOOZLWKYDULRXVELWV
SXQFKRUKROHVDZ
ILOH
SOLHUV
ZRRGEULFNVRUIODWVXUIDFH


3URFHVV
 +HDWWKHFRRNLQJRLOLQWKHWLQFDQRYHUWKHVWRYHRUIODPH
 6DZRIIDSLHFHRIWKH39&SLSHWKDWFDQEHVXEPHUJHGLQWKHKRWRLO&XWWKH39&
OHQJWKZLVHXVLQJWKHKDFNVDZEODGH
 6XEPHUJHWKH39&LQWKHKRWRLOZLWKWKHSOLHUV,IWKHRLOLVKRWHQRXJKLWVKRXOG
RQO\WDNHDIHZVHFRQGVWRVRIWHQWKHSODVWLF%HFDUHIXOQRWWRWRXFKWKH39&WRWKH
VLGHVRUERWWRPRIWKHFDQRULWZLOOEXEEOHXSDQGEXUQ
 5HPRYHWKH39&DQGXVHWKHSOLHUVWROD\LWGRZQEHWZHHQWZRSLHFHVRIZRRG
ZKHUHLWZLOOEHSUHVVHGDQGIODWWHQHGIRUVHFRQGV3RXUFROGZDWHURYHUWKH39&
WRVSHHGWKHKDUGHQLQJ
 /HWWKHSLHFHFRRODQGFOHDQLWZLWKVRDSDQGZDWHUWRUHPRYHWKHRLO
 <RXZLOOQRZKDYHDIODWWHQHGVKHHWRI39&&XWGLDPHWHUFLUFOHVRXWRIWKH
VKHHWXVLQJDKROHVDZRUDSXQFK$SXQFKFDQEHPDGHE\VKDUSHQLQJWKHHGJHRI
DGLDPHWHUPHWDOQLSSOHDQGWKHQXVLQJDKDPPHUWRSRXQGRXWFLUFOHVZLWKWKH
KHDWHGSXQFK
 ,WLVHDVLHVWWRPDNHDJXLGHPDUNZLWKWKHSXQFKRUKROHVDZDQGWKHQXVHWKHGULOO
WRPDNHWKHDSSURSULDWHVL]HGRULILFHKROHVEHIRUHFRPSOHWHO\FXWWLQJRXWWKHGLVFV
 )LQLVKSXQFKLQJGULOOLQJRXWWKHGLVFDQGXVHWKHILOHWRFOHDQXSWKHHGJHV
 0DUNHDFKGLVNZLWKLWVRULILFHVL]H
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$YHUDJH)ORZ












6XPPDU\
,QWKHWDEOHDERYHWKHILUVWWZRFROXPQVFRPSDUHKRZWKHV\VWHPZRXOGIXQFWLRQZLWKRXW
)5'V &ROXPQ DQGKRZWKHV\VWHPZRXOGIXQFWLRQZLWKWKHLGHDOVL]HVRI)5'VLQVWDOOHG
WKURXJKRXWWKHV\VWHP &ROXPQ 5HGFRORUHGFHOOVUHSUHVHQWLQVXIILFLHQWZDWHUVXSSO\WR
DJLYHQFRQQHFWLRQDQGEOXHFHOOVUHSUHVHQWH[FHVVLYHZDWHUVXSSO\
&ROXPQVWKURXJKVKRZWKHUHVXOWLQJZDWHUVXSSO\WRHDFKFRQQHFWLRQLIWKHVDPHVL]H
)5'ZHUHLQVWDOOHGEHIRUHHDFKFRQQHFWLRQIRUDQGRULILFHV
6LPXODWLRQ
12)5'
:LWK)5'
$//IURP)5'
$//IURP)5'
$//IURP)5'

6WDQGDUG
GHYLDWLRQ






$YHUDJH)ORZ
JDOPLQ 







)RUWKLVVLPXODWLRQWKHVLQJOHIORZUHGXFHUVL]HRIZDVFKRVHQEHFDXVHLWHOLPLQDWHV
LQVXIILFLHQWIORZVDQGNHHSVWKHIORZVZLWKLQDUHDVRQDEOHUDQJHRIHDFKRWKHUZLWKRXW
XQQHFHVVDULO\UHVWULFWLQJIORZUDWHV




